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The 40-channel Cobra 29XLR. From 
the sleek brushed chrome face to the matte 
black housing, it's a beauty. But its beauty 
is more than skin deep. Because inside, this 
CB has the guts to pack a powerful punch. 

The illuminated 3-in- l meter tells you 
exactly how much power you're pushing 
out. And pulling in. It also measures the 
system's efficiency with an SWR check. In 
short, this Cobra's meter lets you keep an 
eye on your ears. 

The Digital Channel Selector shows you 
the channel you're on in large LED 
numerals that can be read clearly in any 
light. There's also switchable noise 
blanking to reject short-pulse noise other 
systems can't block. The built-in power of 
DynaMike Plus. Automatic noise limiting 

and Delta Tuning for clearer reception. 
And the added protection of Cobra's 

nationwide network of Authorized Service 
Centers with factory-trained technicians 
to help you with installation, service and 
advice. 

The Cobra 29XLR. It has 40 channels. 
And it has what it takes to improve 
communications by punching through 
loud and clear on every one of them. 
That's the beauty of~ 

<::9Dra 
Punches through loud and clear. 

Cobra Corrununications Products 
DYNASCAN CORPORATION 

6460 W Cortland St , Chicago, Illinois 60635 
Write for color brochure 

EXPORTERS: f':mp1re • Plainview. N Y • CANADA: At las Electrorucs • Toronto 
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ANNOUNCING THREE 

NEW BREAKTHROUGHS 


IN SOLDERLESS 

BREADBOARDING. 


Whether you design or build circuits 
for fun or for profit , you owe it to 
yourself to discover how fast and 
easy CSC solderless breadboarding 
can be. Now, more than ever. Be
cause of three new breakthroughs 
in breadboard design . And our new 
EXPERIMENTOR™ sockets**that 
make the most of them . 
1. Price Who says a quality bread· 
board has to be expensive? For as 
little as $9.95, CSC's EXPERIMEN
TOR sockets let you design, as
semble and modify circuits as fast 
as you can push in-or pull out
corriponent leads. On a rugged 
one-piece socket with 550 solder
less tie-points (94 five-point termi
nals and two 40-point bus strips) 

Sockets lock together, snap apart to 
handle any size circuit with ease. 

But don 't let the low price fool 
you : EXPERIMENTOR sockets are 
precision-molded of durable, abra
sion-resistant material, and feature 
CSC's non-corrosive, prestressed 
nickel-silver con tacts for positive 
connections and longer life. All 
contacts are identified , too ...with 
molded-in designations for easier 
circuit assembly and diagramming. 

2. Compatibility csc 
EXPERIMENTOR sockets end the 
"big-chip blues '.' They're the only 
ones with full fan-out capabilities for 
microprocessors and other larger 
DI P's, as well as 4-16-pin units. EX-

an unbeatable way to build and test 
twice the projects in halt the time. 

I 
:: CSCEXPERIMENTO~ 
csc .t?.~.91111111111 .. 

IC9C_,.- r-- I' 

~ e61fllf1m111111111111111111111111111 r;: 
Both models feature 94 five-point 
terminals (vertical lines) and two 

48-point bus strips (one strip shown). 

WHY WAIT? CSC EXPERIMEN
TOR sockets are available now from 
your CSC dealer. or by phone from 
CSC, at $9.95* for the 300 and 

· $10.95* for the 600. Call 203-624
3103 (East Coast) or 415-421-8872 
(West Coast)- major credit cards 
are accepted . 

·Manulactu rer"s suggested lis l price. 
Prices subject to c hange without·notice. 

U S Pat No 0235 .554 

CONTINENTAL SPECIALTIES CORPORATION 

C:5C: 

44 Kendall Street. Box 1942. New Haven.Cl 06509 

203-624-3103/ TWX: 710-465-1227 
West Coast office: Box 7809. San Francisco, CA 94119 

415-421-8872/ TWX:·910.:372<7992· 

locking system lets you instantly 
connect them . Vertically or hori
zontally. So you can mix or match 
3/10 and 6/10" centers .. .expand
ing or contracting to meet your 
requirements . 

CSC EXPERIMENTOR sockets 
can be used alone, or mounted on 
any convenient flat su rface, thanks 
to molded-in mounting holes and 
vinyl insulation backing that pre
vents shorts. You can mount them 
with 4-40 flat-head screws from the 
front, or 6-32 self-tapping screws, 
from the rear. But however you use 
them,EXPERIMENTOR sockets are 

PERI MENTOR 600's 6/10" center 
is ideal for microprocessor's, clock 
chips , RAM's, ROM 's , PROM's, etc . 
While EXPERIMENTOR 300's small
er 3/10" center is perfect for smaller 
DI P's. Both units, of course, accept 
transistors. LED's, resistors, capaci
tors, pot's-virtually all types of com
ponents with plug-in ease. As well 
as #22-30 solid hook-up wi re for 
interconnections Eliminating heat 
and lead damage to expensive com
ponents. And saving you more 
money, on parts . 

. - .. - ·11 

=' 

. . .II :' 
Mix or match both models; arrange 

them vertically or horizontally. 

3. Flexibility With csc EX
PERI MENTOR sockets, you can 
arrange your breadboard to suit 
your circuit ... instead of vice versa. 
An exclusive snap-together inter-
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Editorial 


MA BELL STALLS 

Last March I happily noted here that the FCC had finally bypassed AT&T and its 
local telephone companies by permitting end users to install interconnect 
equipment to Ma Bell 's lines without necessarily renting an interconnect modem. 
The FCC's Docket No. 19528 prescribed a free, simple registration program and 
technical requirements for making one's own inexpensive interface. 

I concluded this column with a farewell to acoustic couplers and an invitation to 
authors to resubmit those hard-wire telephone projects that we had formerly 
rejected . Unfortunately, Ma Bell's legal eagles have been running it all through the 
courts since then, with one challenge after another. Thus far, all court decisions 
have upheld the FCC decision and its power to make it. 

At this writing, though, Bell is before the U.S. Court of Appeals , persisting in its 
claim that customer-owned equipment must be interfaced only with a device 
rented from Bell to prevent damage to its lines from faulty equipment. Thus, project 
builders of equipment that uses telephone lines cannot yet legally bypass renting 
an interface device with full confidence for the future. This may not be of any 
consequence to independent suppliers of telephone equipment that connects to 
Bell 's lines or to large businesses, but to electronics hobbyists it means that there 
is still a monthly rental charge for a dinky little circuit that will cost them, say, $60 
per year . 

The FCC certification program for privately owned interface devices, which 
included issuance of an FCC registration number that would be sent by the user to 
the local telephone company for information purposes only, was wise and long 
overdue . We all thought, in our innocence, that this capped the 1968 FCC decision 
that permitted phone equipment to be purchased from suppliers rather than rented 
from Bell. The FCC observed last year that the Carterfone Decision placed the 
burden of proof of harm to telephone installations by interconnect equipment upon 
the carrier, not the users. It's hoped here that the Appeals Court will share this 
view. 

It might seem strange to many people that independent suppliers of telephone 
equipment can sell phone gear that's more sophisticated than Bell's standard 
equipment at enormous savings to businesses with , say, six or more telephones. 

The free enterprise system is what makes it happen. Bell has to charge 
businesses more money in order to make up for losses it sustains to support 
residential service, some of which is very unprofitable. Outside suppliers, on the 
other hand, don't have to run phone lines to the boondocks; they can focus on a 
single area and, as they have proved, whip Bell at every turn . Furthermore, the 
company enjoys a 10 percent tax credit in the purchase year . For these people, the 
annual connection fee is peanuts. 

For the electronics hobbyist, not paying a $60 per year modem rental charge for 
each device connected to the telephone lines would be a boon to both the hobbyist 
and Ma Bell. After all , sending and receiving computer data, TV pictures, et al, over 
the lines would add to Bell's revenue as the minutes tick away_ This is phone-line 
time that would not ordinarily be used. 

Of course, AT&T and other telephone companies still have an ace in the hole on 
all of this . It's called the "Consumer Communications Reform Act," which could 
overthrow legislatively the FCC rules on interconnecting modems. I hope, 
however, that this does not come to pass _ 
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ELECTRONICS BOOK CLUB 

invites you to take this ffi 
1624-page electronics library 

for only 

MASTER HANDBOOK/ 1001 ELECTRONIC CIRCUITS 
Here are IC and transistor circuits for pract ica lly anything and 
everythinq-with ALL the data needed lo put them to work. It's the 
ideal schematic sourcebook for alt active technicians. engmeers, ex 
perimenters . amateurs-for anyone who must occasionally or re
gularly construct or adapt electronic circuits for any purpose 
whatsoever . Each circuit diagram has every component carefu lly 
labeled. and every schemaltc is accompanied by all the info you need 
to construct !he circuit for use in your own individual applica tio11 . H 
there are coils to be wound . you'll fmd full and complete cotl-winding 
details right there on the spot. II special pans are required. you won 't 
have to invest a lot ot time and effort before the fact. lor it's all there 
before you in condensed capt ions . The ci rcuits included are com· 
pletely up-lo-date. and have been designed. buitt. tested . reworked 
as necessary. and pertected . You·11 find any circuit you·re ever likely 
to need in the pages of this rich volume. Includes an uttracomplete 
22·page cross-reference index so you can quickly find the circuit you 
need . The schematics are class ified according to general application . 
II you·re in the business of servicing/repairing commercia lly buitt 
eleclromc equipment. you·re going to especially appreciate the com· 
prehensive Appendix ot IC substitutions. which includes base dia· 
grams lor most popular ICs. and gives you all the into you need to 
adapt the IC packages of one manufacturer to the ci rcuit app lica ti ons 
at another . 602 pps .. over t250 illus 

2ND CLASS FCC ENCYCLOPEDIA 
Truly a one·volume electronics library all by 1tsell .. .a 602·page 
supercourse in electronics that belongs on the bookshelf of everyone 
1n electronics . n's as sweeping and all·encornpassing as the FCC ex· 
am itself. lt"s a " quick·guide '· to learning the answers to the 2nd and 
3rd Class FCC exams (plus Element 9. for lhe broadcast endorse
ment). as well as an intensive. no-nonsense series ol courses that 
can make you the master of any field related to radio communication . 
A special feature of this unique guide is the short- form. long-lorm 
answer lormat to hundreds ol FCC-posed Questions· Whenever 
pos c;ib le the answer to a questi on 1s divided into the shortest answer 
needed to satisfy the FCC requirements: a longer answer then shows 
how any similar Question may be answered . and is included lor re · 
ference or for more complete understanding . Questions appear in 

itahc1zed type A boldlace type section in most ans wers enables you 
lo immediately extract from the detailed discussion that port ion 
which directly answers the specific Quesllon . These ·· theory 
packets "' amount to an ext remely comprehensive educational ap· 
proach to th e FCC exam. and arc 1ust one of the many ways in which 
this book 1s one ol the ea$ieSt·tO·use of all radio courses . An ex· 
tremery complete 5000·word index . fully cross·relerenced . provides 
instant access to any rule. lor~ula . c1rcwt diagram. or technical ex 
plana11on. 602 pps . . over 600 illus 

DICTIONARY OF ELECTRONICS 
This huge. quality dicttanary 1s a handy reference that will serve mos! 
ot your needs--e;(!remety usclul in whalever connection you have 
wrth electronics . Defines mos! all of the electronic terms you wi ll run 
across in your everyday reading ... from alpha particles through zoom 
lens .. including those found m radio. TV. commumcatmns. radar . 
electronic instrumentation . broadcasting. industrial eleelromcs. etc 
The concise but clearly wr itten definitions from all the various 
branches of electronics are al value to technicians. engineers. hob· 
by1sts. experimenters. and st udents . ti provides full. complete and 
easily understandable explanations of thousands of spec1f1c elec· 
tromcs te1ms. A urnque feature is the cross-indexing. whereby key 
words contained m the definitions {words that are defined more fully 
elsewhere in the book) are printed 1n small capitals so the user 1s not 
~ft trJ !he dark by any definition Appendices provide you with 
sttll more data-an extens ive lisl of units and abbreviat ions. 
graphic symbols used m schematics. component color co des. db 
conversion tables. data on the electromagnel!c spectrum. tube base 
diagrams. etc 420 pps . 487 illus 
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_/Only $1.99 forr all three! 

_/ Regular List
J Price $33.85. 

_/Top-Quality
J Hardbinding 

_/ Features huge
J quick-find index 

_/Over 2300
J illustrations 

_J Contains over r 800'000 words 

_/ 1624 data-
F packed pages 

L et us send vou these thn·e praf'tical t1me-and
monc~.. sa\·1Tig books as part of an un.usual offrr 

of a Trial \1embership 1n f-:\ c{'tronics Book Club . 
Her e are qua l it\' hardbound ,·o\u me s. eac h 

espe{' ia\l,· designed to help you increase ,·our know 
how. ea rning power . and enjoyment of elec tronics 

These handsome. hocdbound books arc indica ti ve 
of the many other fine offerings made lo Members 
.. important books to read and keep. \'Olumes wi th 

yom specia li zed interest in mind 
Whatever vou r int e res t in electronirs- radio and 

TV servi cing. ·audio and hi -fi . industrial electronics. 
communications. broadcasting. e\ec trllnics as a hob· 
by-vou wi ll find Electronics Rook Club wil l help , ·ou 
get the job vou want. keep it. impro,·e it or make rnur 
leisure hours more enjo,·a\Jlc With the Club prm·iding 
~·ou with top qualit!·· txioks. ! 'OU ma!· broaden ~ · our 
know ledge and ski ll s 10 build \'OUr income and in 
crease .vour enjoyment of elect ronics . too . 

Thi s Specia l Offer is just a sample of the help and 
generous sa,·ings the Club offers vou. For here is a 
Club devotee\ exc lusi ve ly 10 seeking out on\ ,· those 
titles of direct interest to vou. Members are annual\\' 
offered over 50 authoritative books on al l phases of 
electroni cs . 

This ext raord inarv offe r is intended to prove to 
!'OU. through you r o~i.·n experience. that these ver!' rea l 
advantages can be vours.. that ii is possible to keep up 

Facts About Club Membership 
• The 3 introductory books ca rry a publishers re1a11 price of 
$33 B5 They are yours lor on ly St 99 (plus postage ano 
handling) with your Tnal Membersh ip 
• You wi ll rece ive the Club News describing the current 
Selection. Alternates and other oflerings. every 4 weeks (13 
lime s ayeaf) 
• 11 you want the Se lection. do nothing: 11 will be sent to you 
automatically . If you do not wish to receive tt1e Selection. or if 
you wanl to order one o! the many Alternates olfered. you 
sunply give instructions on the reply form (and m the en· 
velope) provided . and return 1! to us by the date specified 
This dale allows you at least 10 days in which to return the 
for m If. because of late mail delivery. you do not' have 10 
days to make a decision and so receive an unwanted Selec· 
t1on . you may return il at Club expense . 
• Personal service tor your account-no computers used! 
• To complete your Trial Membership. you need buy only 
four additional monthly se lect ions or alternates during the 
next 12 mo nths . You may cancel your Membership any time 
after. you purchase these four books . 
• All books-including the Introductory Otter-are fully re· 
turnable at1er 10 days if you·re not completely sat isfied. 
• All books are offered at low Member prices plus a small 
postage and hand ling charge. Prepaid orders shipped 
postpaid . 
• Continuing Bonus: If you continue after this Trial Mem· 
bersh1p . you"will earn a Dividend Certificate tor eve ry book 
you purchase . Three Certificates. plus payment of the 
nominal sum of $1 .99 will enti tle you to a valuable Book 
Dividend of your ct1oice which you may choose tram a list 
provided Members . 
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with aTrial 
Membership in 
the Book Club 
that Saves you 
25°/o to 75°/o on 
a wide selection of 
electronics books 

with the literature publi shed in your areas of in
terest.. .and to save substantiall v while so doing. As 
part of your Tria l Membership. you need purchase as 
few ·as four hooks during the coming 12 months. You 
would pr obab l v buv a t l east th is m a n v 
an,'way ... wi thout the sa\,i ngs offered through Club 
Membership. 

To start your Membership on these att ractive 
terms. si mply fill out and mail the coupon today . You 
will rece ive th ~ 3-volume E lec tronics l.ibrarv for !(}. 
day inspection. YOU NEF:D SEND NO MONEY ~ If 
you are not de lighted. return them within 10 days 
and your Trial Membership will be cance lled without 
cost or obligation. 
ELECTRONICS BOOK CLUB P 0 Bo> tO Blue Rodge Summit Pa t721' 

TYPICAL CLUB SELECTIONS (an d List/Club p10ces) 
Microprocessor/Microprogramming Handbook $9 95iS5 .95-
VHF /U HF Fire . Police. Ham Scanners Service Manual 
$9.95/$5.95-Modern Guide To Digital Logic S9.95i$5.95-CB 
Radio Schemalic/Servicing Manuals-3 Volumes $26 851 
$9.95-Color TV Trouble Factbook $9.95/$4 .95-CBer's Handy· 
book OJ Simple Hobby Projec1s S6.95JS3.95-Modern Elec· 
Ironies Malh S12 .95!S8.95-Electronic Music Circuit Guidebook 
S9 .95 /S5 .95-Build Your Own Working Rabal SB .95, 
SS.95--lnlro to Medical Eleclronics $9.95tS6.95--21 Simple 
Transistor Radios You Can Build S6 .96tSJ.95--Ham Radio Ad· 
vanced Class License Study Guide SS .95/$4.95--Aviation Elec· 
Ironies Han dbook $11 .95,S7.95--Praclical CB Radio Repair 
S8.95,S5.95-Radio As1ronomy lor the Amateur S8 .95!S5 .95 

I ELECTRONICS BOOK CLUB·-----------· 

I 

P.O. 80110 
Blue Ridge Summit . Pa .. 17214 

I Please open my Trial Membership in ELEC
I TRONICS BOOK CLUB and send my 3-volume 

Electronics Library, invoicing me tor only $1 .99I plus shipping. If not delighted. I may return the 
books within 10 days and owe nothing . and haveI 
my Trial Membership cancelled . I agree to

I purchase at least tour additional books during the 
next 12 months, after which 1·may cancel myI 
Membership at any time .

I 
II Name ___________ Phone _____ 

I Address _ _________________ 

II City __________ _ _ _ 

I Slate _____ ______ Zlp ______ 

• (This otte1 vah<J lor new Members only Foreign and Canada Mel 1000) PE3/ 7 
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from the red and blue data. Once all three 
color signals were mixed together, they were ~
c, 


Letters 

HOWC = 6 

I can 't get the numeral 6 following the C 
switch line in January 1977 "LED Circuit 
Quiz. " The only segments I can see that light 
up are c, d, e, and I. What am I doing 
wrong?-Anthony W. Wallace , Portage, IN. 

·--~~,...----.--i---~~-;-;-t-"1---;-.;---;-;-,+-
,_,~--~...;.-1-~~-+-...... 
·-- ~~;--;--;.-1-~~-:-;-+~---'
<-<T ~--;-.-;---t-~~-+--;---t-~-;-~-;-;-;-t-
·--~~'--T---;--i---~~~;-t-~-;-~ 
·--~~_._--;--i---~~~;-t-~-+-~~ 

---~~~-;.-1-~~~ 

·--~~~~----~~~--.-~~~~~ 
,--ef·~~~~_._~~~.-.~~~~~ 

A number of readers are having the same 
problem. The correct solution is shown by the 
accented lines in the drawing. 

PIONEER 10 AND TV 

In the November 1976 Letters column, J.M. 
Lagerwerff stated that SECAM 60 color TV 
equipment was carried on Pioneer 10. Nei
ther Pioneer 1 O nor Pioneer 11 carried SE
CAM 60, PAL, or NTSC TV equipment. The 
imaging equipment in both cases is called an 
Imaging Photopolarimeter (IPP), which used 
separate Bendix Channeltron detectors for 
the visible red and blue colors. The IPP uses 
a spin-scan technique of imaging. The space
craft is spin-stabilized, rotating at approxi
mately 5 rpm , which forms one axis of a two
dimensional scan field . The second axis is 
formed by stepping a telescope in discrete in
crements as the spacecraft rotates. 
· The data from the red and blue channels 

were encoded to six-bit PCM and transmitted 
to earth at 1024 bits · per second for Pioneer 
1Oand 2048 bps for Pioneer 11. These rates 
are far too slow for direct display. Under con
tract to NASA, I designed, built, and operated' 
the conversion equipment that converted this 
very slow rate to NTSC color TV, which was 
then broadcast to the TV networks. The con
version was accomplished with a special 
slow-scan video disc recorder. Since green is 
a substantial portion of NTSC color video, I 
devised a means of synthesizing the green 

fed to an NTSC encoder. 
I consider Mr. Lagerwerff's comments on 

the Pioneer pictures a compliment, as SE
CAM 60 is a very fine color TV system. -L. 
Ralph Baker, Optical Sciences Center, The 
University of Arizona, Tucson, AZ 

WANTS TO HEAR BELLS 
I find that the Sonalert® in my "Low Cost 

Apartment Burglar Alarm" (July 1976) puts 
out a sound of insufficient volume. In the arti
cle, it was suggested that a higher-power bell 
or siren could be substituted for the Sonalert. 
Could you please tell me how to accomplish 
this? Also , why the connection from the OFF 

contact of S 1 to the negative side of B1, and 
what is the significance of the - V on the 
anode side of 01 and pin 8 of IC4?-S. 
Possner, Lauderdale Lakes, FL 

To answer your last two questions first , 
there should be no connection between 
B 1 ( - ) and S 1 (although it makes no differ
ence to circuit operation if this connection is 
made as shown), and - V at 01 and pin 8 of 
IC4 mean$ that these two points must be 
connected together. To add a bell or siren to 
the circuit, replace the Sonaler1 with a 1000
ohm resistor and add an SCR control system 
as shown in the diagram. The value of the 

C.~J 
8/ 

1 OOO-to-5000-ohm resistor will depend on the 
gate requirements of the SCR selected. You 
may wish to use a separate high-current bat
tery (82) for the bell or siren. The RESET 

switch is required to turn off the SCR in the 
event the alarm is tripped. 

Out of Tune 

In "An 'RFl-Free Solid-State Thermostat," 
January 1977: R4 in the parts list should be a 
2,000-ohm, 1-watt, linear taper, 10% toler
ance potentiometer; R7 in the upper left (con
nected on one side to the cathode of 01) 
should read R9, a 470-ohm resistor. All fixed 
resistors should be 5% tolerance compo
nents. 
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The Test of Time. 
Critics were most generous in 
theiT praise when the Shure V-1 5 
Type III phono cartridge was first 
introduced. Th e ultimate test, 
however, has been Lime. The 
engineering innovation s, th e 
uniform quality and superb 
perfonnance of the V-15 Type I II 
have made it the audiophile's 
choice as the source of sound for 
the finest music system s both here 
and abroad. 

Consider making th e relativel y 
modest investment of a new 
cartridge to upgrade the 

performan ce of your entirn hi-fi 
system. It w ill mal<e a difference 
you can hear' 

Th e original manuscript by f. S. Bach 
shown is reprodu ced by kind permission 
of th e Tru stees of The Bri tish Museum. 

Sh ure Brothers Inc. 
222 Hartrey Ave. 
Evanston, IL 60204 
In Can ada: 
A. C. Simmonds eJ Sons Limited 

TECHN ICORNER 
MODEL V-15 TYPE llJ 
Tracking Force Range: 3/. LO l '14 grams 
Frequency Response: 10 to 25,000 Hz 
Typical Tra cking (in cm/sec peak 
recorded veloc ity at I gram: ) 

400 Hz. 26 cm /sec 1,000 Hz . 38 cm /sec 
5,000 Hz . 35 cm /sec 10,000 Hz . 26 cm /sec 
Channel Separation (Mini.mum ): 25 dB 
at I KHz; 15 dB at 10 KHz 
Stylus: Model VN35E Bi.radial Ellip tical, 
5 x 18 microns (.0002 x .0007 inches) 
A lso available: Model V-15 I/ I G w ith 
the VN3-G Sph erical stylus, 15 microns 
(. 0006 inches) 
Model VN78E Bi radial Elliptical stylus, 
13 x 63 microns (.0005 x .0025 inches) 
for mono 78 rpm. 

SHURE 
® 

MANUFACTURERS OF HlGH FID ELITY COMPO N EN TS, MICROPHONES, SOUN D SYSTEMS AND RELATED C IRCUITRY 
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New Products 

Additional information on new products 
covered in this section is available from 
the manufacturers. Either circle the item's 
code number on the Reader Service Card 
inside t.h e back cover or write to the man

ufacturer at th e address given. 

PHASE LINEAR FM TUNER 
The Model 5000 is the first FM tuner to be put 
into the Phase Linear line of separate hi-Ii 
components. The tuner features a built-in dy
namic range expander specifically designed 
for FM to improve dynamic range up to 9 dB. 

Lesser amounts of expansion can be select
ed while receiving those broadcasts that 
have small amounts of compression. Other 
features include: fully variable muting; LED 
multipath indicators; fixed and variable output 
signal levels; signal-strength and center
channel tuning meters that can be user cali
brated; 75/ 25-µs deemphasis switch ; and 
panel light dimmer. Size is 19''W x 1 O"D x 
7"H (48.3 x 25.4 x 17.8 cm) . $499.00. 
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TELEX CB HEADSET 
Telex's new lightweight CB headset, the 
Model CB-88, has a noise-cancelling micro
phone for clear, crisp voice transmission 
even where wind, traffic, and engine noise 
normally interfere with sound quality. The 
mike has a variable-gain amplifier and is 
mounted on a pivoting boom. A soft ·eartip 

carries incoming signals directly to the ear. 
The eartip can be worn in either ear, with or 
without the headband. An adapter is fur
nished to allow the earpiece to be clipped to a 
user's eyeglasses. The push-to-talk switch 
has a clip for attachment to shirt or blouse. 
Below$70. 
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GOLD LINE flELD-STRENGTH METER 
The Gold Line Model 1101 is a compact field
strength meter with a frequency range of 20 
to 160 MHz, for both base and mobile CB and 
marine operations. The meter features a 

T 

_© (j),,UoC'w HOAWll! C 

mini-antenna and a multi-color dial designed 
for easy reading. Measures 23/4"W x 1 l/2"H x 
1'./z"D (7 x 3.8 x 3.8 cm), weighs about half a 
pound (0.25 kg). $9.95. Address: Gold Line 
Connector, 25 Van Zant St. , East Norwalk, 
CT 06855. 

NATIONAL SC/MP KEYBOARD KIT 
The National Semiconductor SC/ MP Key
board Kit is an inexpensive hand-held termi
nal for use with the 8-bit SC/ MP micro
processor kit to eliminate the need for a cost
ly Teletype terminal. It has a 6-digit hex dis
play and features simple µP control to allow 
the user to evaluate the SC/ MP CPU and di
rect object code program manipulation for de
veloprnent of a variety of applications soft
ware. The heart of the kit is a ROM firmware 
package (512 bytes) that replaces the Kit Bug 
ROM originally supplied with the SC/MP kit 
and allows the use of the hex keyboard to 
modify or examine the contents of memory 
and the SC/ MP registers anc! to monitor pro
gram performance. The kit comes complete 
with manual , all IC's, resistors , keyboard dis
play cable connector assembly, Wire Wrap 
connectors, precut wires , and a manual Wire 
Wrap tool. $95.00. 
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BOSHEI OPEN-REEL TAPE DECK 
The Model IT-1000 tape deck from Boshei 
Enterprise Co., USA features four heads 
three motors, full-logic solenoid-actuated 
tape motion, 10" (25.4-cm) reel capacity, and 
large VU meters. Separate microphone and 
line inputs and a digital tape counter are also 

provided. An Auto Reverse feature provides 
the convenience of cassettes in an open-reel 
tape deck, allowing up to 81/2 hours of uninter
rupted stereo listening. The tra'nsport oper
ates at 7'./z or 33/4 ips (19.05 or 9.53 cm/ s) . At 
7'./z ips, wow and flutter is rated at 0.06% or 
less, S/ N ratio at 55 dB, and frequency re
sponse at 30 to 20,000 Hz ± 3 dB. 
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SWAN SSB HAM TRANSCEIVER 
A new 700-watt PEP single-sideband Ama
teur Radio transceiver is now available from 
Swan Electronics as the Model 700CX. It fea
tures up to 10 channels for MARS operation 
with the optional Model 510-X plug-in crystal
controlled oscillator. Frequency coverage in
cluqes the 80-, 40- , 20-, 15-, and 10-meter 
bands. USB, LSB, and CW modes of opera
tion are switch selectable , as are the 25- and 

100-kHz calibration frequencies from the 
built-in calibration oscillator. The audio band
pass is 300 to 3000 Hz. A dual-ratio planetary 
control scheme is used for the tuning system. 
The receiver's sensitivity is 0.5 µV at 50 
ohms for 10 dB (S + N)/ N. Audio output is 
rated at 4 watts into 3.2 ohms. Size is 13''W x 
11 "D x 5'./z"H (33 x 28 x 14 cm) and weight 
is 1714 lb (7.8 kg) . $649.95. 
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SONY AM/STEREO FM RECEIVER 
Sony's Model STR-3800 AM/ stereo FM re
ceiver is said to offer a high degree of flexibil
ity in a moderately priced receiver. The am
plifier is rated at 25 watts /channel minimum 
rms into 8 ohms from 20 to 20,000 Hz with no 
more than 0.5% THO. The tuner section lea-
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lures a PLL (phase-locked loop) IC in the 
multiplex section, FET r-f amplifier, perma
nently aligned i-f filters . Other ratings include 
2-µV IHF sensitivity, 50-dB selectivity , 1.5-dB 
capture ratio, 68-dB SI N in stereo, and 35-dB 
stereo separation at 1000 Hz. A stereo in
dicator, twin tuning meters, and switchable 
muting are provided. The preamplifer section 
features a direct-coupled, two-stage phono 
equalizer for a ± 1-dB RIAA trackfng and 68 
dB S/ N ratio. The SI N in the high-level input 
mode is 90 dB. Size is 19"W x 12?/s"D x 
5·Y.\"H (48 .2 x 32.7 x 14.6 cm) and weight is 
23 lb (10.5 kg) . $280.00. 
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EICO SOLID-STATE ENGINE ANALYZER 
Eico's Model 885 Tunemaster solid-state en
gine analyzer performs up to 16 different au
tomotive tests and analyses. Among them 
are: ignition points test; dwell test ; dwell vari
ation ; low rpm (tachometer) ; high rpm (tach); 
battery test ; accessory current drawn ; charg 
ing system output ; output test (regulator by

pass) ; voltage-loss test ; ballast resistor test ; 
spark-plug wire test; capacitor test ; alternator 
test ; and fuse test. The large 6" (15.2-cm) 
meter has multi-range, color-coded scales. 
Controls include a cylinder selector switch 
and a mode selector. The tester operates on 
power from the vehicle's battery. The instruc
tion manual provided with the instrument de
tails step-by-step tune-up information for all 
domestic and foreign cars. $49.95. 
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MIDLAND 40-CHANNEL CB TRANSCEIVER 
The Midland Model 77-882 40-channel mo
bile CB transceiver features both switchable 
automatic noise limiter (anl) and noise blank
er, Delta tuning and a variable squelch con
trol. The dual-conversion superheterodyne 
receiver has a tuned r-f stage, active age; the 
transmitter is rated to deliver 4 watts of output 
power. All-channel operation is obtained with 
a phase-locked-loop (PLL) synthesizer. 0th

MARCH 1977 

er features include: a PA switch that delivers 
3 watts of audio power, a warning light that in
dicates antenna mismatch or failure; an S/ r-f 
meter, and an external CB switch that directs 
received CB signals to an external speaker. 
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AUDIONICS STEREO POWER AMPLIFIER 

The Model PZ3 HP is the second-generation 

version of the original Audionics Model PZ3 

power amplifier. Offered with optional peak

indicating VU meters and input level controls, 

the new amplifier is rated at 100 watts/chan

nel minimum rms into 8 ohms from 20 to 


Many hi-fi enthusiasts bought a 
Crown DC-300A power amplifier 

because they were impressed 
by its performance specs, and 
by the quality of its " listening" 

performance. It was, for them, the 
" ultimate" amplifier. 

Why not do what they did? Com
pare the specs for the Crown 

DC-300A with those of any other 
amplifier. Compare the clean, 

~- -- .. 

-· -· 

~--. · , t .• 

20,000 Hz at 0.03% maximum THO. Input 
sensitivity is rated at 1.0 volt for full output. 
The frequency response at ± 0.5 dB is from 
20 to 20,000 Hz (5 to 70,000 Hz at - 3 dB). 
Hum and noise are rated at more than 95 dB 
below the rated output, damping factor at 
1000 Hz into 8 ohms is 50, and output imped
ance is 4 ohms to infinity. The amplifier 

pure DC-300A sound that comes 
from low-distortion circuitry and 
plenty of headroom. And espe
cially compare the DC-300A with 
its smaller relatives, the Crown 
D-150A and D-60. Same clean, 
pure sound, less power, but may
be just what you need. 
Use your own judgment. You 
could find your ultimate listening 
standard in Crown. 

D-60 Stereo Amp 
155 watts per channel min. 80 watt s per channel min . 32 watt s per channel min. 

RM S into 8 ohms RMS into 8 ohms 

DC-300A Stereo Amp D-150A Stereo Amp 

RM S into 8 ohms 
(1 -20,000 Hz). no more (20-20,000 Hz). no more(1-20,000 Hz), no more 

than .05 % tota l than .05°/o tot al th an .05% tot al 
harmon ic d istorti on. h armoni c di stortion . h armoni c di stortion. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •PE-3 • 
Send directly to Crown for fast info on amps. Fast playback coupon 

When listening becomes an art, 
Address---------------

CitY-------------
State________ZiP·---(~) !:!ae~.!:! 
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IDtlnfosh cATALoG 
and FM DIRECTORY 

Get all the newest and latest information on the new Mcintosh Sol 
id State equipment in the Mel ntosh catalog. In addition you will 
receive an FM station directory that covers all of North America. 

MX 113 
FM/FM STEREO - AM TUNER AND PREAMPLIFIER 

1-------
Mcl ntosh Laboratory, Inc. --,

I 	East Side Station P.O. Box 96 
Binghamton, N.Y. 13904 
Dept. PESEND 
NAME--------------- 

ADDR ESS------------~ 
CITY_____sTATE____z1p___ 

__I 

TODAY! 
If you are in a hurry for your catalog please send the coupon to Mcintosh. 

For non rush service send the Reader Service Card to the magazine. 
CIRCLE NO. 38 ON FREE INFCRMAT ION CARO 

This versatile mini breadboard features the same superior contacts, materials and 
construction we use in our full-scale ACE All Circuit Evaluators. Any solid hookup 
wire up to #20 plugs right in to connect DIPs, discretes and almost any components 
you have on hand. Super-Strip gives you 128 separate five-tie-point terminals in the 
circuit building matrix and 8 power and signal distribution lines - enough capacity 
to build circuits with as many as nine 14-pin DIPS. And when you 're done with your 
hookup, just pull it apart - everything 's as good as new. Super-Strips come with 
your choice of nickel-silver or gold-plated terminals. Plus an instant-mount backing 
and quick-removal screws for fast and easy stacking or racking. Heard enough? 
Then stop looking and start cooking with A P Products Super-Strips. 

Part Modal Terminal Price 
Number Number Type Each 

923252 SS-2 nickel-silver $17.00 
92374f:l SS-1 gold-plated $18.90 

comes with a rack-mount front panel with 
black anodize finish. Size is 19"W x 15"0 x 
6"H (48.3 x 38.1 x 15.2 cm) and weight is 29 
lb (13.2 kg) less meters or 31 lb (14.1 kg) with 
meters. $429.00 without meters, $529.00 
with meters. 
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DIGITAL LOGIC PROBE 
" Probit" is a new digital logic probe from Con
trol & Information Systems, Inc. It tests TTL/ 
DTL and CMOS logic systems and can detect 
pulses down to 35 ns and accurately check 
for valid and abnormal logic levels. The probe 
has greater than 200,000-ohm input imped
ance (at 30 MHz) to assure minimal loading 
on the circuit under test. Both over-voltage 

and reverse-voltage protection are provided. 
A seven-segment display indicates "H" for a 
logic high, "L" for a logic low, and a decimal 
point for pulse detection. The display is blank 
for abnormal logic levels. Convenient "Micro
Hooks" are used for test connections, and 
the probe tip is detachable. The logic family is 
selected by operating a slide switch on the 
probe's body. Size is 5"L x 1"Dia. (12.7 x 
2.54 cm). $34.95. 
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SOUTH SHORE FOLDING CB ANTENNA 

South Shore Trading Corp. has announced a 

102" (2.6-m) CB whip antenna that conven

iently folds to a compact 15¥8" (39.7 cm) in 

seconds for easy storage. The SST Whip-A

Way antenna consists of a series of hollow 

interlocking steel sections that are "strung" 


Order from your A P distributor today. Our distributor list is 
growing daily. For the name of the distributor nearest you call 

Toll-Free 800-321-9668. 

~ Send for our complete A P catalog, II.II The Faster and Easier Book. 

AP PRODUCTS INCORPORATED 
Box 110-H Painesville. OH 44077 (216) 354-2101TWX:810-425-2250 

on a spring-loaded cable and easily opened. 
The brass fittings automatically seat them
selves and are held in place by the spring
loaded cable to insure secure mechanical 
and electrical connections . The ante'nna can 
be used with any heavy-duty bumper mount 
equipped with a standard W'-24 female fit
ting. $34.95. 
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Print Your Heart Out. 

With help from the Digital Group, naturally. 

Now, that small computer system you own or have been 
considering for personal or business use suddenly be 
comes a lot more usable-with the addition of a full- size 
impact printer from the Digital Group. A printer designed 
for small computers that need big output (like yours) . 

With the Digital Group printer, you can print your heart 
out .. .and it won ' t cost an arm and a leg. The Digital 
Group printer is available for less than $500. Tha t' s 
right-$500. 

Just look at these specifications: 

• Fast-120 characters per second 
• 96 characters per line 
• 12 characters per inch horizontal 
• 6 lines per inch 
• Makes up to 4 copies simultaneously 
• Character set and J?itch variable under software 

control-double width characters, etc. 
• 5 x 7 character matrix 
• Ribbon has built-in re-inkers for a life of 


10,000,000 characters 

• Paper can be either a standard 81/2-inch roll, fanfold 

or cut page 
• Interfaces to 8-bit parallel ports 

CIRCLE NO . 22 ONMARCH 1977 

There are lots of capabilities and outstanding features of the 
Digital Group printer.. .and (as always) the best news is 
our price. Kit prices start as low as $495 for the pri.'1ter and 
interface card. It simply can' t be beat. 

Find out all the facts about the Digital Group printer now. 
Just fill in the coupon below or give us a call for the details . 
We think you'll find a place for our printer in your system 
. .. and in your heart. 

_0 @~~-_ __~(UDl@_ WfIDD®~o [[@Jl]o _W _....) 
P.O. Box 6528 

Denver, Colorado 80206 

(303) 777-7133 

Quick. I want to print my heart out. 

Send me all the details on your full-size impact printer. 


Add ress -------------------- 

City / State / Zip ------------------
Please print. 
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*PUT THE "IGNITION OF THE FUTURE" 
ON YOUR CAR TODAY! 

MODERNIZE and Bring Your Car "UP-TO-DATE" 
with the MOST EFFICIENT Ignition ever invented! *End "Tune-Up" Problems FOREVER 

cau sed by Points and Condensor 

US OP.iteritr; 
Pemllng 

fiLLISO" XR·700 
with the Exclus1ve ...Solid-State Voltage Regulator. 

The ON LY Ignition Syslem that has CO MPLETE LY overcome 
lhe Prob le ms that hav e baff led lhe Auto Industry for Yea rs ' 

SO RELIABLE 199.9+%1 ••• SO PERFECTED . . . 
that it will soon be STANDARD on mo st Future new Cars 1 

ALLISON Rated #1 by Official Testing Laboratory 
as the BEST "Fuel Saving' ' Ignition System 

of ALL the Oifferent Ignition Systems Tested! 

*The " XR -700" is a COMPLETEL YNEW Ign ition System 
employing th e Most Advanced Technolo gy, that re pl aces th e 
inefficient Po ints an d Condensor with an infrared li ght Beam 
ta Trigger th e Latest type of Solid ·State Power Components. 
Onc e in stall ed ... " XA·700" has NO movi ng Parts to wear ou t 
or adjust. It work s withou t Friction or wea r. Not aff ected by 
Dir t. Oil , Mo is ture, Vibra ti on or ex tr em e Engine Temperatur es! 
RUGGEO and RELIABLE ! 

*The " XR -700" is engi neered to 0 UTLAST YOUR CAR ! 

*The " XR -700" produces the MA XIMUM " Hi gh En ergy" 
Long Duration Spark ... fr om yo ur prese nt ca r's Igni tio n Coil. · 
This permits th e Posit ive Firing of Spark Plu gs, even under the 
most Ad ve rse cond itions. Al so, Elim inates " En gi ne Misfire," 
resulti ng in more COMPLETE COMBU STION! Thus yo u get 
IMPROVEO Fu el Milea ge, a HIGHER Per fo rman ce Level. . 
kee ps Plugs FROM FOULING and gives LONGE R Pl ug Life! 

Customers Report:* " IT MORE THAN PAYS FOR ITSELF! 

t 
*t 
* 

INCREASES Gas Mileage up to 30% ! 
SAVES Money on Costly " Tune-Ups " ! 
Gives Continuous PEAK Performance! 
QUICKER Starting in Any Weather! 
Smoother Running .. .Faster Acceleration! 
Plugs Lasl Up to 4-Times LONGER! "* Reliabil ity PROVEN in Milli ons of Cu stom er Mi les to be so 

ex ceptio nall y GOOO...that every " XR-700" has a LIFETIME 
WARRANT Y! FREE Repa ir or Rep lac ement for as long as 
you OWN th e Unit!. ..and eve n if you CHANGE Cars, Alli so n 
wi ll sup pl y yo u th e necessary PARTS to fit ANY Poi nt-Typ e 
Ois tributor. .. FREE ! (Include S2 for Postage & Handl ing). 

I• FITS ALL CARS . Oomestic & Fore ign . 4, 6 or B·Cy linder. I
* DO -IT-YOURSELF. . . EASY INSTALLATION! 
The New " XR ·7DD " is Comp lelely Faclory Assembled ... 
Thoroughly TESTED! New Precision " Drop -in" Mounting 

Bracket . with color-coded , "Snap-Together" wire connections 
No 01stnbu1or Removal necessary Protected against Inco rrect Hook-up 1 

* OROER WITH CONFIOENCE ... 
install th e " XR-700", and prove to your own SATISFACTION 
that it is as adver tise d, or re turn it within 30 days fo r a FULL 

Refu nd of the Purchase Price 

* SAVE ! OROER FACTORY OIRECT. 
Send Ch eck or M.0 ., State Car Mak e, Year, No. Cylinders 

*MASTER CHARGE or BANKAMER ICARO Card Holders: 
ORDER by TOLL-FREE PHONE . (800 ) 423-6525, Ext. 2 

or Send us (1) Yo ur Nu mber, (2) Interban k No. , (J) Exp . Date . 
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New Literature 

ELECTRONIC ORGAN KIT DATA 

Devtronix Organ Products is now offering il
lustrated literature describing different mod
els, related accessories . and simple assem
bly techniques on its complete line of bui ld-ii
yourself electronic organs. Organ types 
range from small single keyboard practice 
models to instruments larger than a tbree
manual theater organ. A 13-minute LP stereo 
recording, which presents a wide variety of 
different types of music demonstrating voic
ing range capability, is also included for 50 
cents. Address: Devtronix Organ Products, 
5872 Amapola Drive, San Jose, CA 95129. 

TOOLS CATALOG 
Catalog No. 22 from Techni-Tool is full of 
unique and often hard-to-find tools for elec
tronics work. Listed are 25 new tool kits for 
the engineer and technician . The standard 
lines of hand tools and accessories are listed 
and illustrated, with more than 10,000 differ
ent items. A "Design-A-Kit" section tells the 
reader how to go about putting together his 
own tool kit by selecting only those items he 
needs. Address : Techni-Tool, Inc., Apollo 
Rd ., Plymouth Meeting, PA 19462. 

COAXIAL CABLE CATALOG 
A new 34-page "Essex Coaxial Cable" cata
log is available from Essex Electronic Wire 
Products. It contains up-to-date listings of 
coaxial cables, photos, and charts. Sections 
highlight r-f transmission lines, military RG/ U 
nomenclature, RG/ U-type triaxial cable, elec
tronic sub minax coaxial cable , two-way an
tenna cable, CATV drop lines, etc. Address : 
Essex Electronic Wire Products, 6235 S. Har
lem Ave., Chicago, IL 60638. 

SEMICONDUCTOR REPLACEMENT GUIDE 
The Workman Electronic Products Semi
conductor Catalog and Replacement Guide 
consists of 175 pages that list and cross-ref
erence more than 75,000 manufacturer num
bers to more than 200 Workman replace
ments. It also features a cross-reference to 
other major semiconductor manufacturers. 
Address : Workman Electronic Prods., Inc., 
P.O. Box 3828, Sarasota, FL 33578. 

SOUND BROCHURES FROM SHURE 
A pair of brochures from Shure describe two 
products that are said to reduce the compli
cation and cost in finding room response 
trouble spots in sound systems and to equal
ize the systems to desired frequency
response curves. Brochures No. AL558 and 

No. AL554 describe the Model M615AS 
equalization analyzer system and Model 
SR 107 audio equalizer. Full technical details 
are given for each product. Address : Shure 
Bros., Inc., 222 Hartrey Ave. , Evanston, IL 
60204. 

SOUND EQUIPMENT CATALOG 
Argos Sound has a new 12-page, three-color 
catalog with photos and descriptions of its 
complete line of sound systems and compo
nents. Included are a large selection of sound 
columns, portable sound systems, battle / 
speakers, wall baffles, and CB base and mo
bile speakers . The list of specifications in
cludes weights and measures in the standard 
and metric systems. Each product is de
scribed according to its acoustical application 
to specific market areas. Address : Argos 
Sound, 600 S. Sycamore, Genoa, IL 60135. 

1802 MICROPROCESSOR USER MANUAL 
"User Manual for the RCA CD1802 COS
MAC Microprocessor" (No. MPM-201A) is for 
those with a limited familiarity with computers 
and programming. It guides the reader 
through microprocessor architecture and in
troduces a set of comprehensive, easy-lo
use programming instructions. The manual is 
a detailed guide to the application of the 
COSMAC CDP1802 microprocessor. Exam
ples illustrate the operation and use of each 
of the 91 instructions. The manual illustrates 
methods of adding external memory and con
trol circuits and shows the use of 1/ 0 instruc
tions and interface lines, including OMA, in
terrupts , flags , commands , processor state 
indicators, and external timing pulses. Price 
is $5.00. Address : RCA Solid State Div., Box 
3200, Somerville , NJ 08876. 

CALCULATOR DIGEST 
"The Hewlett-Packard Personal Calculator 
Digest" (32 pages) is written in magazine 
style and describes the operation and design 
of hand-held and printing calculators. Sub
jects include thermal printing, testing , servic
ing, CMOS, PMOS and NMOS circuits and 
RPN language. A catalog section provides 
specification information on each of Hewlett
Packard's calculators, and charts illustrate 
the uses of each model. Letters to the editor 
and a question and answer section are also 
included. Address : Inquiries Manager, Hew
lett-Packard Company, 1000 N.E. Circle 
Blvd., Corvallis, OR 97330. 

LOUDSPEAKER CATALOG 
"AR Guide to Loudspeakers" is a new, 36
page, full-color catalog , describing Acoustic 
Research 's Advanced Development Division 
line of speaker systems. It gives detailed in
formation concerning speaker efficiency and 
placement and amplifier power requirements. 
The design, production and testing of speak
ers is explained and a section on the philoso
phy of music reproduction is included . Price, 
$1 .00. Address: Acoustic Research , 10 
American Dr. , Norwood, MA 02062 or free 
from AR products dealers. A dealer list will be 
sent on request. 
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ltAGAZltlES AT DISCOUtll! 

You SAVE up to 50% 


Here's your chance for a real bargain bonanza on your favorite 
magazines. Select as many as five of these titles at the low in

troductory rates shown below-up to 50% off. Use attached 

card to order or write to: MAGAZINES AT DISCOUNT, A 

Division of Ziff-Davis Publishing Co., P.O. Box 2703, 
Boulder, Colorado 80322. 

BOATING (01) You pay only $6.00 
Reg. Rate: 12 Issues for $10.00 
CAR & DRIVER (02) You pay only $3.99 
Reg. Rate: 12 Issues for $7.98 · 
CYCLE (03) You pay only $3.99 
Reg. Rate: 12 Issues for $7.98 
FLYING (04) You pay only $6.99 
Reg. Rate: 12 Issues for $11 .98 
HANDY ANDY (57) You pay only $5.88 
Reg. Rate: 10 Issues for $7.95 
MONEY (29) You pay only $9.95 
Newsstand Rate: 10 Issues for $12.50 
NEWSWEEK (44) You pay only $12.50 
Newsstand Rate: 25 Issues for $25.00 
PLAYBOY (34) You pay only $12.00 
Newsstand Rate: 12 Issues for $19.00 
POPULAR ELECTRONICS (06) You pay only $6.99 
Reg. Rate: 12 Issues for $9.98 
POPULAR PHOTOGRAPHY (07) You pay only $4.99 
Reg. Rate: 12 Issues for $9.98 
POPULAR SCIENCE (35) You pay only $4.50 
Newsstand Rate: 12 Issues for $9.00 
PSYCHOLOGY TODAY (08) You pay only $7.00 
Reg. Rate: 12 Issues for $12.00 
SPORTS ILLUSTRATED (38) 
You pay only $9. 75 for 25 Issues 
Newsstand Rate: 25 Issues for $25.00 
Basic annual rate: 52 Issues for $20.00 
STEREO REVIEW (11) You pay only $3.99 
Reg. Rate: 12 Issues for $7.98 
TIME (40) You pay only $12.50 
Newsstand Rate: 25 Issues for $25.00 
TV GUIDE (41) You pay only $8.35 
Lowest Available Sub. Rate for 32 Issues 
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Stereo Scene 


and Shostakovich's Fourteenth) prob
ably could not have been improved upon 
for my purposes, involving as it did the 
full Romantic symphony orchestra, or
gan (electric organ ; the hall 's pipe instru 
ment went with the renovation) , piano, 
solo voices, and the full dynamic range 
of which all these instruments are capa
ble. Leonard Bernstein conducted. 

THE HOUSE THAT Hl·FI BUILT 

''Live music is the only standard ," 
we are told . "Your audio system 

may sound impressive, but does it 
sound like the real thing?" "Go to a con 
cert before you pick out your speaker 
systems." And occasionally, when our 
judgment in matters of sonic accuracy is 
being called into question: "When was 
the last time you listened to live music?" 

Well , the definition of high fidelity im
plies faithfulness to something; isn't live 
music a perfectly natural and appropri
ate something? Surely. But as one who 
hears live music several times a week at 
the very least, I have a particular prob
lem with this proposition : I can't for the 
life of me figure out what live music 
sounds like. 

It may seem like an heretical state
ment, but I would hardly call a season 
ticket to Boston's Symphony Hall (or any 
other auditorium) an adequate acquaint
ance with the sound of live music. As 
proud Bostonians must be aware, the 
experience of hearing music in Sympho
ny Hall is unique, and usually very re
warding. The same music heard else
where sounds different. In fact, of the 
various recordings I have that were 
made in this hall , there is none that does 
more than stir the vaguest recollections 
of the live experience. Perhaps this is 
because the recording team didn't trou
ble to cluster the microphones around 
my usual seat. (Indeed, if former prac
tice still prevails, my usual seat is actual
ly ripped out of the hall for recording ses
sions, and part of the orchestra put in its 
place.) But whatever the reason, the fact 

BY RALPH HODGES 

remains that music in Symphony Hall 
does not sound very much like music in, 
say , New York's Carnegie Hall. 

Avery Fisher Hall. Certainly music in 
Boston's Symphony Hall sounds differ
ent than it did in New York's old Philhar
monic Hall-so different that New York 
concert-goers were up in arms about it 
for years. If you 've read a newspaper 
since 197 4, you probably know that that 
unfortunate situation has largely been 
rectified. A little over two years ago the 
retiring Avery Fisher, founder of Fisher 
Radio (which once advertised high
fidelity systems as the means to ac
quaint your children with the live music 
they might otherwise never hear) , set-. 
tied a handsome sum on the Lincoln 
Center corporation, which used the 
funds to totally rebuild the auditorium 
(duly renamed Avery Fisher Hall) from 
the inside out. It was truly the house that 
hi-ti (or hi-fi money, anyway) built. First 
critical reaction to the new structure was 
generally approving, which strongly 
whetted the appetites of myself and oth 
er likeminded souls to hear this wonder. 
However, I decided to put off my initial 
visit for several months to allow the or
chestra time to accommodate itself to 
the new environment. When I did make 
my move, just a few days ago, it was 
with the most helpful cooperation of the 
N.' Y. Philharmonic press office, which 
got me admitted to the morning rehear
sal for a large-scale concert, and to the 
first performance that evening. The pro
gram (Saint-Saens' Third Symphony 

New Y ork 's new 
Avery Fisher H all. 

Different Seat, Different Sound. 
When I walked into the rehearsal , I 
learned that only the three upper tiers in 
the back of the hall were available for 
seating. The orchestra floor was verbot
en, and the side boxes were still being 
worked on. From the approximate front 
center of the first (lowest)tier, the sound 
of the orchestra tuning up was en
couraging. Everything seemed to pro
ject, particularly the low strings, which 
were elusive in the old hall. But then as 
Bernstein , with his left side to our small 
audience of freeloaders , conferred for 
several minutes with the organist, I not
ed that the sibilance in his voice was all 
but inaudible, although the body of the 
speech was there . 

This impression-a lack of bril
liance-persisted as the music began. 
The low strings remained robust, but the 
violin choruses seemed muffled , diffuse, 
and somewhat wavery and unsteady in 
their texture . It was a most familiar ef
fect; I have heard it and cursed it on 
many now-discarded "high-fidelity" sys
tems. Was I too hasty in blaming the 
equipment? 

Another problem: the sound was 
weak. On the vigorous tutti in the early 
minutes of the Saint-Saens my little 
sound-level meter (which was creating a 
minor sensation amongst my neighbors) 
showed a maximum of 94 dB (unweight
ed) . Average level was perhaps 88 dB, 
which I think is too soft, especially with 
the hall largely.unoccupied by a sound
absorbing audience. Astonishingly , the 
brass parts could scarcely be distin
guished from the overall texture, the 
sound was so lacking in edge and "bite." 

Curious about the effect of the over
hanging tier on reflections from the ceil
ing, I then moved to the left rear corner 
of the first tier. The sound underwent a 
remarkable transformation. I'm not sure 
I can explain it, but I can describe it per
fectly : it was the sound of a dirty stylus, 
without question. And mind you, this is 
live music! 

The Second Tier. Up one story, and 

. again front and center, there was an 

appreciable improvement. Now some 

sibilance was detectable in Bernstein's 
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It's a fact that the people who first 
put radio on wheels also made the first 
radio on wheels on the moon. 

But it's not surprising. 
Because Motorolcf makes more 

radios for police, firemen, taxis, and lunar 
rovers than anybody. 

And now Motorola makes a 
40-Channel CB radio that shares much more 
than a name with our professional 
2-way radios. 

The clean, uncluttered lines of the 
Motorola CB, for instance. 

Features that many manufacturers 
leave on the outside of their sets (or don't 
offer at all) are built into a Motorola CB. 

Gain control, noise limiting, 
audio compression, even a TV inter
ference filter are built-in, fully 
automatic circuits that actually make 
communication better. 

And operation easier. 
A digital phase lock loop 

synthesizer provides 
precise tuning (auto
matically, of course). 

A profes
sional-quality 3 ~ 
inch top-fire speaker 
gives the Motorola 
CB an audio quality 
that must be heard 
to be fully 
appreciated. 

And every 
Motorola CB gives 
you the added advan

tage of a power mic 
that doesn't need 

batteries. That doesn't 
cost 50 bucks extra. 

The Motorola 40-Channel CB radio. 
We believe it's the most sensibly 

engineered CB radio on the market. We believe 
it will deliver years of service 
at a level of performance few could match. 

Put a Motorola 
CB radio under your 
dash and you'll 
believe, too. 

Motorola CB 

From the voice of experience in 2-way radio. 

To fi nd the dealer nearest you, write: Customer Relations Manager, Motorola, Inc.. Automotive Products Di vision. 333 Northwest Ave., Northlake, Illinois 60164. @ 
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voice, even with his back turned . The vi
olins began to coalesce more, and the 
quality of their attack was more appar
ent. Brass was still a disappointment, 
however, sounding wooly and indistinct. 

It was here that I measured the hyper
active finale of the Saint-Saens, which 
got up to 98 dB (96 dB without the bass 
drum, which didn't sound like much, but 
which certainly rocked the meter). This 
is not enough, particularly if the sound is 
not radiantly alive to begin with. But feel
ing I was on the track of something, I 
made my solitary way up to the cheap 
seats in.. . . 

The Third Tier. I was really not pre
pared for what I heard. The orchestra by 
now was well into the Shostakovich, and 
the cellos and basses were executing a 
quiet passage in pizzicato and short, 
light bowing as I sat down. A fat, rich , 
glorious "Thrummm" resounded 
throughout the hall below. When the 
high strings entered they rushed into fo
cus, bright, full-bodied , precise in attack, 

and sometimes even a little steely, al
though never harsh. The soprano voice, 
which before had struggled to emerge 
above the orchestra (incidentally, the 
soprano and bass were on risers behind 
the string orchestra, presumably to 
benefit from the horn-like flare of the 
stage enclosure), had power that 
seemed to saturate the stage area and 
swell irresistably out. And the important 
xylophone part had a quality-a sting
ing, violent snap-that I would have 
sworn could be captured only by closely 
spaced microphones, as in the record
ing I had listened to the night before. 

As you can tell , I loved it all. The 
sound had precisely those characteris
tics-power, clarity, brilliance, attack
that I look for in a reproducing system 
and in a recording. Paradoxically, these 
effects were available (in the seats open 
to me) only in the part of the hall most re
mote from the stage . But the explana
tion, I think, is simple. The third tier also 
offers the seats closest to the ceiling, 
which is probably the major sound-

reflecting structure in the hall. This prox
imity means that a host of reflections ar
rive almost immediately to reinforce the 
direct sound reaching you. I only wish 
the brass had been present (they retired 
after the Saint-Saens) to cap the whole 
thing. I made no measurements in the 
third tier just because the orchestra was 
so diminished in size and power. 

The Performance. The seats we 
were assigned for the evening perfor
mance were to the left of the orchestra 
section, row U-significantly remote 
from my listening sites of the morning, 
which was too bad . Throughout the day I 
had wondered whether the acoustic ab
sorption of an audience might diminish 
the prominent mid-range and upper 
bass, exposing the brilliance I wanted to 
hear. I have the impression that it 
helped, but I lacked a standard of com
parison and couldn't judge reliably. 

In row U-left, it was possible to sense 
the contributions of both the direct 
sound from the orchestra and the reflec-

During re~earsa l, the author sat in the first tier, row AA, seat 104 (shown by circle in color overlay); 
then first tier, DD-19; second tier, BB-109; third tier, AA-110. For the performance, orchestra, U-1. 
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l ions from the hall for many instruments. Having said all this, I'll add that the erally use. The accomplished street vi
For other instruments (the violins, for ex overall performance, executed as well olinist who prowls Manhattan's Fifth 
ample) reflected sound dominated; the as I could ever hope to hear for both Avenue is my reference for string sound . 
string basses, hard by the stage's right 
reflecting wal l, provided almost all direct 
sound and early reflections, which ma.de 
them sound very taut , damped, and 
strangely woody. 

Being much closer to the orchestra 
helped enormously in terms of loudness, 
and the climaxes were quite satisfying. 
However, the violins, although clear, 
were oddly disembodied and somewhat 
dim, giving a slight cotton-in-the-ears 
feeling that either they weren't com
pletely there, or you weren't. Woodwind 
detail was good, with credible timbre, 
but the brass , quite audible at last, still 
lacked that characteristic "buzzy" edge 
of excitement. The brass also seemed 
late and unsure in its attacks-apparent
ly a result of the time necessary for the 
sound to build up in the hall. The pedal 
notes from the organ (extreme stage 
left , with speakers aiming roughly into 
the stage enclosure) were not as promi
nent as they had been in the tiers. And 
the soprano voice was again struggling 
to rise above the orchestra. 

pieces , was tremendously dramatic, ar
resting , and satisfying . It did not, how
ever, sound very much like my idea of 
live music! 

Semi-live. At one time or another, I 
think I have heard-at live performances 
in real concert halls and elsewhere-vi r
tually all the faults I've ever heard in sub
par high-fidelity systems. The catalogue 
includes harsh , strident violins , boomy 
bass, overall fuzziness or raspiness, 
poor transient response, bad stereo, 
honkiness, nasality, and even ripping 
and rattling noises suggestive of car
tridge mistracking (usually comi ng from 
the bowed strings). When you consider 
the usual causes for these "distortions" 
in real and reproduced music, you 'll see 
that they are often somewhat analo
gous, so I guess it's not too surprising 
that they sound much the same. 

Still , live music does have a definable 
sound: the sound of the instruments 
without any interfering acoustic. For lack 
of a better substitute, this is what I gen-

Brass I get from several talented quin
tets who set up at the entrance to New 
York City's Central Park Zoo in the sum
mers. Woodwinds-flutes, oboes, clari
nets, and even bassoons and bass clari
nets-abound throughout the city, as do 
jazz "combos" with abilities and instru
ments of widely varying quality. There is 
even a touring bagpipe, for those so in
clined. 

This is open-air music, without any 
enveloping acoustic. When you have a 
good sense of the instrument itself, I be
lieve you 're better prepared to make al 
lowances for its sound in different set
tings , concert halls and listening rooms 
included. But as for the usual sound of 
" live " music, it has a variety of sounds; a 
good reproducing system will reveal this 
variety , rather than some hypothetical 
sameness. 

P.S. Should the above remarks seem 
to reflect unfavorably on Fisher Hall, I 
take them all back. It , too, in its way is an 
instrument, and a rather sophisticated 
one. But avoid those rear corners. O 
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Julian Hirsch HIRSCH/HOUCK LABORATORIES 

Audio Reports 

MEASURING AND INTERPRETING 

TURNTABLE RUMBLE 

ONE OF the key specifications of a phonograph 
turntable is its rumble level. Rumble is the audi

ble result of mechanical vibration that causes the 
pickup cartridge to move relative to the record, or 
vice versa. This produces an electrical output signal 
that cannot be distinguished from the recorded pro
gram, at a very low audio or sub-audible frequency. 
As the name suggests, the sound often resembles a 
low-pitched hum. The vibration comes principally 
from the motor, although other rotating parts (such as 
an idler wheel) can also contribute. 

In general, rumble covers a broad spectrum of fre
quencies, with some emphasis on certain discrete fre
quencies. For example, a conventional four-pole mo
tor, operating from a 60-Hz power line, revolves at 
about 1800 rpm, or 30 revolutions per second. A 
slight unbalance or eccentricity in the rotor or its 
shaft will cause the motor to vibrate at 30 Hz. If the 
vibration is allowed to reach the platter or the pickup 
arm, it will generate a 30-Hz signal in the cartridge 
outputs. Usually this is accompanied by higher fre
quency components, generally at harmonics of the 
basic revolution frequency (in th.is case, 60 Hz, 90 Hz, 
etc.). The idler wheel turns more slowly than the mo
tor, but is more likely to be eccentric and thus con
tributes a number of rumble vibration frequencies, 
beginning at a few hertz and overlapping the range of 
frequencies contributed by the motor. Finally, the 
platter itself, turning at 33!/3 rpm, has a basic rumble 
frequency of about 0.5 Hz, with harmonics extending 
into the idler-wheel range. 

The result is a broad band of nearly random vibra
tion, covering the frequency range from 0.5 Hz to per
haps 100 Hz or higher, with certain frequencies being 
emphasized. A major source of this emphasis is the 
resonance of the tonearm mass with the stylus com
pliance, which usually lies between 5 and 10 Hz. At 
this frequency, the rumble output is often boosted by 
5 to 10 dB. Belt-drive turntables, of course, do not 
have the rumble of an idler wheel to contend with, 
and the flexible belt filters out some of the motor vi
bration before it can reach the platter. Their rumble 
content thus tends to be concentrated at the motor 
frequency and its harmonics, and is often at a lower 
level than the total rumble of an idler-driven turnta
ble (although there are numerous exceptions). 

In recent years, direct-drive turntables have be
come quite popular. Since only one revolving ele
ment is involved (the platter and motor rotor, acting 

as a unit), one would expect its rumble to be limited 
to the basic 0.5-Hz rate, with some harmonics of that 
frequency. However, direct-drive motors have a num
ber of discrete poles, causing their driving torque to 
pulsate slightly at a frequency much higher than the 
basic revolution rate. Depending on their design, 
they may have low-level rumble components at fre
quencies of 10, 20, or even 40 Hz. 

Rumble is measured by playing a "silent groove" 
record and measuring the cartridge output voltage, 
through a preamplifier having standard RIAA equali
zation. The reference level is usually the cartridge 
output from a lateral (mono) recording at a velocity of 
5 cm/s at 1000 Hz, although some measurement 
standards are based on 7 or 10 emfs reference veloci
ties, giving an apparent rumble improvement of 3 or 
6 dB, respectively (rumble is expressed in decibels 
below the reference level). 

Because of the greatly reduced sensitivity of the 
human ear at low frequencies, the audibility of rum
ble is very much a function of its frequency distribu
tion . A - 30-dB rumble at 60 or 90 Hz, for example, 
would be disturbing under almost any listening con
dition, whereas the same level at 30 Hz might not be 
audible, and at 10 Hz it certainly could not be heard. 
To account for this phenomenon, it is usual to weight 
a rumble measurement by placing a high-pass filter 
between the preamplifier output and the indicating 
meter . 

Several different weighting curves are in use 
throughout the world. The DIN "B" characteristic is 
widely used in Europe and Japan, while in this coun
try the CBS Audible Rumble Loudness Level (ARLL) 
weighting is often employed (we use ARLL weight
ing in our turntable tests). The same turntable, mea
sured with different weighting curves, will appear to 
have very different rumble ratings, and it is not possi
ble to convert a reading from one system to another. 
In general, the DIN "B" curve will give a lower appar
ent rumble reading than the ARLL curve, and will be 
20 to 30 dB lower than an unweighted measurement. 
Either system, as well as several others that have been 
proposed and are in use, can be justified empirically 
by listening tests. Fortunately for the consumer, it is 
not the absolute numerical value of rumble that is im
portant; so long as the same system is used, compari
sons can be made between turntables without serious 
loss of accuracy. 

Unweighted rumble readings (or the DIN"A" mea-
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But that's not the only reason 
for buying the Realistic® 452 
at the nationwide CB supermarket. 

Count on Radio Shack to be right on top of 
40-channel CB, with the kind of full-featured 
values you 've come to expect from our Realistic 
brand. The new TRC-452 gives you effective 
mobile communications over all 40 channels 
the original 23 and the new 17. No crystals to buy 
- it has a frequency synthesizer with 
phase-locked loop circuitry. That means 
ultra-precise frequency control on receive and 
transmit and dependable service even under 
rugged on-the-road conditions . For 16 years 

*Price may vary at individual stores and dealers . 

Realistic CB's have been designed to meet 
challenging conditions, and the TRC-452 is no 
exception . Adjustable RF gain for best reception 
of strong and weak signals. Switchable 
automatic noise limiter and adjustable squelch. 
Illuminated S/RF meter and channel selector. 
LED modulation indicator. With plug-in dynamic 
mike, universal mounting bracket, power cable 
for any 12 voe positive or negative ground 
vehicle. Only $139.95*. So when you go 
40-channel - go Realistic! 

SOLD ONLY WHERE YOU SEE THIS SIGN: 

JUST SAY 

"CHARGE IT" 


AT MOST STORES 
 ltad1e lhaeK 
A TANDY CORPORATION COMPANY • FORT WORTH, TEXAS 76107 

Radio Shack operates as Tandy International Electron ics in Australia. Eng land. Belgium. Holland. Germany. France; and as Tandy Radio Shack in Japan. 
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surement, which is very similar) also provide useful About This Month's Reports. 

information. Rumble at sub-audible frequencies may In contrast to recent trends toward technical sophis

not be heard directly, but can seriously degrade tication in record players, Empire's new Model 698 

sound quality if it is strong enough. If the amplifier might be considered as a modern classic. Its only 

has extended low-bass response (down to a few Hz or concession to such competitive pressures is an elec

to de) these rumble frequencies can overload the tronically actuated cueing system, which also lifts 

amplifier or move the speaker cones beyond their lin the arm at the end of a record. Otherwise, it is based 

ear range. The result is a muddying of the sound, on the proven, reliable belt-drive system that has 

caused by intermodulation distortion. This effect can been used in previous Empire players with eminent 

be seen easily by removing the speaker grille cloth success. A heavy, finely machined platter, driven by 

and observing the woofer cone while playing a rec a carefully balanced synchronous motor, results in 

ord at a fairly high volume. The sub-sonic "bobbling" rumble and flutter levels comparable to, and in some 

of the cone is a clear indication of rumble, even if it cases lower than, those achieved by much more elab

cannot be heard . Do not confuse this with the 0.5-Hz orate means . As always, simplicity is a virtue, and 

in-and-out motion of the cone caused by record ec nothing could be more simple and direct than the 

centricity or warping. Although this can produce the Empire approach. The major improvement in the 

same effect, it is not the fault of the turntable. 698, compared to previous Empire models, is the 

· It is difficult to state categorically how much rum drastically reduced arm mass which makes it com

ble is "acceptable." This is a function of room and patible with today's high compliance cartridges. 

speaker characteristics, listening volume, and per Not everyone needs, or can afford, one of the "su

sonal opinion. In general, a turntable with an un per power" stereo receivers offered by several manu

weighted rumble level of - 30 dB or better, and a facturers. The Sherwood S-7910 has most of the oper

weighted rumble level below -50 dB, will not con ating features , to say nothing of advanced perfor

tribute significant audible rumble to the program mance, of much more costly products. Its conserva

(many records have inherent low-frequency noise tive 60 watts per channel is more than sufficient for 

that will mask turntable rumble below these levels). the majority of home listening requirements. Its FM 

If your records are good, and the speakers have a use tuner section is especially noteworthy. Among other 

ful response down to 30 or 40 Hz, it mightbe advis assets, it has the greatest stereo channel separation 

able to look for a turntable with an unweighted rum we have yet measured on a tuner or receiver, and a 

ble of -35 dB or less, and a weighted rumble (ARLL) tuning indicator light that glows brightly when the 

of -50 to -60 dB, which is typical of some of the bet tuner is accurately centered on the station frequency 

ter belt-drive players and most direct-drive turnta (there are two meters, as well, for those who prefer to 

bles. Still lower rumble levels can be had, at a price, use them, but the light is faster and easier to use and 

but do not expect to hear the difference . at least as effective). 


EMPIRE MODEL 698 RECORD PLAYER 

Aesthetically pleasing, precisely constructed manual turntable. 

trolled cueing lift system. The player's ribbed record mat fits over the central 
turntable is basically unchanged from disc. This ring also contains the strobo
earlier models. It employs a heavy-duty scope markings. The total weight of the 
hysteresis synchronous motor and belt platter system is rnore than 7 lb (3.2 kg) . 
drive system that offers the user a Although the operating speeds are basi
choice of 33 \.6 and 45 rpm speeds. cally fixed (changed by removing a cov

All visible metal parts of the record er retained by a thumbscrew and manu
player, including the motorboard, platter, ally shifting the belt to a different pulley 
and tonearm, are handsomely finished on the motor shaft}, a small change in 
in satin gold. This is complemented by a speed is possible by slight adjustment of 
wooden walnut base and a walnut and a screw that tilts the motor's axis. 
clear-plastic hinged dust cover that re The tonearm measures 9" (22.9 cm) 
mains open at any angle. The record from pivot to stylus. It has a newly de
player measures 171/i" W x 15Vs" D x signed cartridge shell that is easily de
8 3/16" H (44.5 x 38.4 x 20.8 cm) and tached for cartridge installation. The 
weighs slightly less than 30 lb (13.5 kg) . mass of the shell is claimed to be com

Empire Scientific The market value of the player, less car parable to the mass of fixed shells, 
has long been tridge, is $400. accomplished through extensive slotting 
known for its dis- to remove material. The design of the 
tinctively styled General Description. The turntable shell permits adjustment of the car
manual record platter features two-piece construction. tridge's position for correct overhang. 

players. The latest version, the Model Its massive central disc is almost 3" (7.6 The counterweight, which slides on the 
698, looks very much like its predeces cm) thick and is coupled to the motor by rear of the tonearm's tube for balancing, 
sors, but it has been given a new low a precision-ground belt. A larger-diame is decoupled by a.n elastic bushing to 
mass tonearm and an electronically con- ter ring-like platter that contains the damp out the low-frequency resonance. 
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WIRE WRAPPING TOOL 
For AWG 30, .025" (0,63mm) sq. post, 
"MODIFIED" wrap, positive indexing, 
anti-overwrapping device 

OK MACHINE & TOOL CORPORATION 
3455 Conner St. . Bronx. N Y.104 75 I (212) 994 -6600 / Telex 125091 

WIRE WRAPPING TOOL 
For AWG 30, .025" (0,63mm) sq. post, 
"MODIFIED" wrap, positive indexing, 
anti-overwrapping device. 

OK MACHINE & TOOL CORPORATION 
3455 Conner St .. Bron x, N.Y.10475 I (212) 994-6600 I Telex 125091 
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The vertical tracking force is applied 
to the balanced tonearm by a calibrated 
clock spring that is wound around the 
vertical pivot. It is adjusted by a knurled 
wheel on the pivot structure. Calibra
tions are from 0 to 4 grams at 0.5-gram 
intervals. A dial on top of the pivot hous
ing is for adjusting the antiskating force. 

The cueing mechanism is operated by 
a damped de s.olenoid whose motion is 
initiated by a mere touch of the finger on 
one of two pairs of closely spaced con
tacts on the motorboard. No pressure is 
necessary; the bridging of a pair of con
tacts by the finger triggers electronic cir
cuits that energize the cueing mech
anism. A red light behind each pair of 
contacts indicates the status of the arm
lifting mechanism, either up or down. At 
the end of play, a beam of light shining 
on the photocell under the motorboard is 
interrupted by a vane that moves with 
the tonearm. This ca.uses the tonearm to 
automatically raise from the record 's 
surface. It does not return to its rest 
post. The arm must be returned and the 
motor must be shut off manually. A rock
er switch controls all power to the record 
player. 

As with earlier Empire record players, 
the tonearm and turntable of the Model 
698 are rigidly mounted to a Y-shaped 
ribbed casting and the entire system is 
resiliently floated from the motorboard . 
This isolates the tonearm and turntable 
from motor vibration as well as from ex
ternal shock and vibration. The motor is, 
in turn , suspended on rubber bushings 
from the motorboard. A socket under the 
tonearm receives one of the two plug-in 
signal cables supplied with the record 
player. For stereo operation, the longer 
5' (1 .5-m) cable is used. This cable has 
a nominal capacitance to ground of 180 
pF/channel , which, combined with the 
input capacitance of a typical preamplifi
er, will load the phone cartridge with 
approximately 250 pF of capacitance. If 
a CD-4 cartridge is used, the 4' (1.2-m) 
cable, whose nominal capacitance is 70 
pF for a recommended 100-pF max
imum capacitancf1 for CD-4 cartridges, 
is used. 

Laboratory Measurements. We 
tested the record player with Empire's 
top-of-the line Model 2000Z phono car
tridge installed in the tonearm shell. Af
ter we balanced the tonearm in the hori
zontal plane according to instructions, 
the actual vertical force was about 15% 
less than the dial indication . We then ad
justed the counterweight to correct the 
error, which yielded exact agreement 
with the calibrations over the full range 

of the dial. We noted, however, that at 
the zero setting, the pickup stylus rested 
in the plane of the record, well below the 
horizontal. 

We adjusted the overhang by aligning 
the stylus with the end of the cartridge 
shell as detailed in the instructions. This 
is an uncertain procedure because of 
the considerable distance between the 
stylus and the reference line, which al
most inevitably leads to parallax error. 
However, when we made the adjust
ment carefully, the tracking error was 
extremely low, measuring zero at 3" and 
5" radii and less than 0.4° / in. between 
2.5" and 6". The antiskating force had to 
be set slightly higher than indicated by 
the tracking force setting, to 2 grams at a 
1-gram tracking force , for equal tracking 
effectiveness on both channels of a 30
cm/ s, 1000-Hz test record . Since less 
compensation will be required at lower 
velocities, we consider the antiskating 
calibration to be sufficiently accurate for 
its purpose. 

The lift and descent of the cueing 
mechanism were both slow and well 
damped, with little tendency for the pick
up to drift outward during descent. About 
three seconds were required for the 
tonearm to lift or descend completely 
once movement began . However, there 
was an appreciable delay between the 
time the contacts were touched and the 
time the tonearm began to move. 

The measured capacitance of the two 
signal cables, including the wiring in the 
tonearm, was 175 and 85 pF. Because 
of the action of the elastically mounted 
counterweight, the resonance of the 
tonearm with the Model ··2oooz cartridge 
installed exhibited two small peaks. One 
was at 5.5 Hz and the larger, at 8 Hz, 
had an amplitude of about 6 dB. 

The operating speeds were exact and 
did not detectably vary with line changes 
from 95 to 135 volts . The combined un
weighted rms wow and flutter was 
0.04%. The weighted rms flutter of 
0.03% was about as low as we have 
ever measured and is quite possibly at 
the residual level of the test records we 
used. The unweighted lateral rumble 
was - 36 dB, which improved to - 57 dB 
with ARLL weighting. 

When we vibrated the entire record 
player through its mounting feet (which 
are rigidly · attached to the wooden 
base) , it displayed average isolation of 
the pickup system from external vibra
tion. 

User Comment. In contrast to the al
most " ready-to-play" condition of some 
record players as they are unpacked, 

the Empire Model 698 must be largely 
assembled by the user. In particular, the 
tonearm must be mounted and carefully 
adjusted for height and horizontal orien
tation (in order for the automatic end-of
play arm lift to operate correctly) . This is 
not difficult, especially since the instruc
tions are complete and clearly written, 
but it is no job for a neophyte, either. As 
we have noted, the tonearm should be 
balanced somewhat below the horizon
tal with cartridge overhang adjusted with 
the greatest care to avoid parallax er
rors . 

We found the visibility of the· tracking 
force dial calibrations to be rather poor 
because of their location on the rear " in
side" portion of the pivot support, but 
this is only a one-time per cartridge ad
justment. If you are accustomed to 
"splitting grams" in setting up a car
tridge, the 0.5-gram calibration intervals 
may seem wide. Fortunately, few car
tridges must be set up closer than 0.25 
grams from an optimum force, which 
can be easily interpolated from the dial 
scale. 

When it is properly set up, the Model 
698 is one of the most aesthetically 
pleasing, precisely constructed record 
players obtainable. Records must be 
played manually, since the mechanism 
does nothing automatically except to 
raise and lower the tonearm (and the 
long wait for the arm cueing system to 
go into action tends to discourage its 
use) . As far as "specifications" are con
cerned , the record player clearly excels 
in its low flutter. If lower flutter figures 
are possible, we doubt they could be 
measured with commercially available 
test records. 

Our measurements show rumble to 
be about as good as any belt-driven 
turntable we have seen and nearly equal 
to the better direct-drive units. The ARLL 
weighted figure of - 57 dB represents 
essentially inaudible rumble , which will 
be masked by the rumble and low-fre
quency noise inherent in most records. 

A spectrum analysis of the rumble 
output shows a major component at 
about 8 Hz (tonearm resonance) and a 
single , almost discrete component at 
about 30 Hz (motor revolution frequen
cy) . Note that the RIAA equalization 
which we use, and which is part of the 
ARLL weighting, boosts the 30-Hz level 
by about 18 dB. 

Should the record player be located in 
an area that causes excessive physical 
vibration from , say, poor flooring , to 
reach the system, we recommend in
stalling acoustic isolation mounts. These 
are available from Audio-Technica 
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(AT-605 Audio Insulator) and Netronics product, one of the few remaining truly is certain , too, that no one will wish to 
("Acoustic-Mount") . manual record players. It should be able hide it from view since it is one audio 

In sum, the Empire Model 698 is a to extract the fullest measure of perfor product that looks as good as it sounds. 
beautifully constructed and finished mance from any cartridge and record. It CIRCLE NO. 80 ON FREE INFORMATION CARD 

SHERWOOD MODELS·7910 STEREO RECEIVER 
Top performer in upper-medium price class. 

The full-featured 
Model S-7910 is 
just one notch re
moved from the 
top of the Sher

wood line of stereo receivers. It is rated 
to deliver at least 60 watts/ channel into 
8-ohm loads between 20 and 20,000 Hz 
with less than 0.1 % total harmonic dis
tortion (THO) . 

This receiver has several interesting 
features. Its 4 CH ADAPTER facility dupli
cates the functions of a tape-monitoring 
circuit, which makes it possible to con
nect a total of three tape decks into the 
system . This adapter circuit is isolated to 
prevent interaction with the two main 
tape circuits. Located before the VOL

UME, BALANCE, and tone controls , this 
facility appears to be an ideal place to 
connect a Dolby decoder for FM recep
tion, although the user manual makes 
no mention of this . The FM tuner has lin
ear-phase ceramic i-f filters, PLL 
(phase-locked-loop) multiplex demodu
lator, and a Sherwood-developed "digi
tal detector" that never requires align
ment and is inherently highly linear and 
immune to amplitude-modulated signals 
and noise. The digital detector appears 
to be a pulse counter detector, judging 
from the limited information supplied. 
The three-stage phono preamplifier em
ploys a differential amplifier as its input 
stage. 

The receiver measures 241/i"W x 15 
Ys"D x 5Ys"H (54 x 40 x 15 cm) and 
weighs 34 lb (15.5 kg). Supplied with a 
walnut-veneered cabinet , it is available 
in AM / stereo FM and FM-only versions 
as the Models S-7910 and S-8910 for 
$500 and $475, respectively. 

General Description. The receiver 
is handsomely styled, with the upper half 
of the front panel devoted to the dial 
scales, tuning meters, and the large 

VOLUME and TUNING knobs. Just below 
the dial scales are six small pushbutton 
switches that can be used to change the 
FM deemphasis from 75 to 25 µs for use 
with an external Dolby noise-reduction 
system, engage and disengage the FM 
muting, allow the receiver to respond to 
only stereo FM broadcasts , insert an ex
ternal 4-channel adapter into the signal 
path, and switch in and out the loud
ness-compensation circuit. 

Illuminated legends appear above the 
blue dial scales in red to indicate the se
lected input and when a stereo FM 
broadcast is being received. Between 
the signal-strength and FM center-chan
nel meters is a red LED (Sherwood's 
"Positune " feature) that glows when an 
FM signal is properly tuned. 

The control panel is finished in satin 
gold , and related groups of controls are 
enclosed with thin black lines. The SE

LECTOR switch has positions for PHONO 

1, PHONO 2, FM, AM , and AUX inputs. The 
MODE switch permits selection of either 
the left or the right channel inputs 
through both outputs, normal and re
versed stereo , and mono (L + R) opera
tion. 

The BASS and TREBLE controls are 
both detented at 11 positions. A lever 
switch is provided for bypassing the tone 
controls entirely. To the right of the tone 
controls are the BALANCE control and a 
stereo headphone jack. At the far right of 
the control panel is the SPEAKERS 

switching arrangement, which activates 
either, both , or neither of two pairs of 
speaker outputs. If the second pair of 
speaker systems is located in the rear of 
the listening room , the ARS (Ambience 
Retreival System) position of the SPEAK

ERS switch connects them in an ambi
ence-recovery configuration to simulate 
4-channel sound from 2-channel 
sources. The pushbutton POWER switch 
is located near the SPEAKERS switch. 

At the lower left of the panel are the 
tape-monitoring and tape-recording con
trols. The MONITOR lever switch can be 
used to connect the receiver's amplifiers 
to the playback from either of two tape 
decks or to the selected program 
source. A similar DUBBING switch inter
connects the two tape decks for copying 
tapes from either one to the other-with
out interrupting listening to the selected 
program. Two stereo phone jacks on the 
front panel parallel the TAPE 2 inputs and 
outputs on the rear apron for conven
ience in taping with a recorder that is not 
permanently connected into the system. 

On the rear apron, the various input 
and output jacks are supplemented by 
separate PRE OUT and MAIN IN jacks that 
are connected together in normal opera
tion with a slide switch. Setting the 
switch to its alternate position opens the 
signal path for separate access to the 
outputs of the preamplifier and inputs of 
the main-amplifier sections so that an 
active crossover network or other acces
sory can be inserted into the system. A 
DIN socket duplicates the functions of 
the TAPE 2 circuits . 

A slide switch near the PHONO 2 jacks 
provides a choice of three sensitivities to 
accommodate phono cartridges that 
have widely differing output signal lev
els. (The PHONO 1 sensitivity is the same 
as the highest sensitivity of the PHONO 2 
input.) Spring-loaded speaker terminals 
eliminate the possibility of shorted wires 
because they require insertion of the 
stripped wire into small holes in the con
nector. In addition to the 75- and 300
ohm FM antenna terminals and a termi
nal for a wire-type AM antenna, there is 
a hinged and pivoted AM ferrite-rod an
tenna. There are three accessory ac 
outlets, two of which are switched. 

The output transistors of the amplifier 
section and the speakers are protected 
against damage by a fast-acting relay 
that also provides a turn-on time delay of 
several seconds. The transistors and 
their heat sinks are located entirely with
in the receiver, just inside the rear 
apron. 

Laboratory Measurements. Fol
lowing the usual one-hour precondition-
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ing period at one-third rated power, the 
receiver's rear apron was quite warm, 
but its top was only mildly warm . The 
outputs clipped at 74.4 watts/ channel 
into 8 ohms, with both channels driven 
at 1000 Hz. The 4- and 16-ohm outputs 
were 97 and 46.6 watts, respectively . 

The total harmonic distortion (THO) of 
the audio amplifiers was very low. It was 
a barely measurable 0.005% at 0.1 watt 
and less than 0.01 % up to 17 watts out
put. It was only 0.022% at the rated 60 
watts and 0.13% at the clipping output of 
approximately 75 watts. The intermodu
lation distortion (IM) was between 
0.022% and 0.033% from 0.1 to 20 
watts, 0.067% at the rated 60 watts , and 
0.1 % at 75 watts . At rated output, the 
THO was between 0.02% and 0.03% 
from 20 to 7000 Hz. It increased to 
0.071% at 20,000 Hz. At lower power 
outputs, the THO was less at all frequen
cies, being typically about 0.01 % at 
usable frequencies and power levels. 

The amplifier required an AUX input of 
66 mV to develop a reference output of 
1O watts , with a S/ N ratio of 75.5 dB. 
The PHONO 2 sensitivity was 0.76, 1.5, 
or 3.3 mV for a 10-watt output, depend
ing on the setting of the sensitivity switch 
on the rear apron. It was 0.76 mV 
through PHONO 1. The phono SIN ratio 
was 72.6 dB, and the phono overload 
points were unusually high at 190, 380, 
and 805 mV for the three settings of the 
sensitivity switch . 

The tone controls had a rather moder
ate range of 8 to 9 dB maximum boost 
and a cut of 13 dB at the frequency ex
tremes. The Baxandall (feedback) type 
BASS control had a varying inflection 
point that shifted from below 100 Hz to 
about 500 Hz as it was advanced toward 
its extremes. (The treble curves were 
hinged at about 2000 Hz.) The high-cut 
filter had the desirable 12 dB/octave 
slope, with its - 3-dB point at 4700 Hz. It 
was effective in reducing noise, with sur
prisingly little effect on the audible pro
gram content. 

The loudness compensation boosted 
both lows and highs, the former being in

30 
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POPULAR ELECTRONICS 

Frequency response and 
crosstalk avergedfor 
both channels in stereo FM. 

creased below 500 Hz to a maximum of 
+ 11 dB below 50 Hz at most reduced 
settings of the volume control. The RIAA 
phono equalization was accurate to 
within + 1 I - 0.5 dB tram 20 to 20,000 Hz 
(within ± 0.5 dB from 100 to 20,000 Hz). 
The cartridge inductance had only a 
slight effect on the frequency response, 
with an increase in. output (instead of the 
usual decrease) beginning at about 
4000 Hz and reaching a maximum of 
only 1 dB at 15,000 to 20,000 Hz. 

The FM tuner had an IHF usable sen
sitivity in mono of 12 dBi (2.2 µV) . In 
stereo, it was 17 dBi (4 µV) , which was 
also the threshold for automatic stereo 
operation. The steep limiting curve gave 
a 50-dB quieting sensitivity of 16.5 dBi 
(3.7 µV) in mono with 0.3% THO. In 
stereo, it was 37 dBi (39 µV) with 0.4% 
THO. At a 65 dBi (1 ,000 µV) input, the 
SI N was 68.5 dB in mono and 66 dB in 
stereo , with respective distortion levels 
of 0.12% and 0.21 %. The stereo distor
tion with 100% L - R modulation of the 
signal generator at a 65-dBf level was 
0.38% at 100 Hz, 0. t 4% at 1000 Hz, and 
0.1 % at 6000 Hz. 

The FM frequency response was very 
flat over the full range, varying by only 
+0.5 to - 0.3 dB from 30 to 15,000 Hz. 
The stereo channel separation was ex
traordinary, by far the best we have yet 
measured for a tuner. It was 60 dB or 

better from 135 to 7000 Hz, reached an 
unbelievable 68 dB at 400 Hz, and was 
better than 45 dB over the full 30
to-15,000-Hz range. Doubting our mea
surements, since even a 50-dB separa
tion is unusual in a tuner, we rechecked 
this several times, but all the measure
ments agreed. The AM frequency re
sponse, within ± 1.5 dB from 20 to 2800 
Hz and down 6 dB at 3700 Hz, was typi
cal of the AM sections of most receivers , 
although the AM section of this receiver 
did sound better than many we have 
heard . 

Other FM-tuner performance parame
ters included : capture ratio of 1.2 dB at 
65 dBf, with a very good 73-dB AM re
jection ; image rejection of 80 dB; alter
nate channel selectivity of 60 dB (with 
perfectly symmetrical response about 
the center frequency, a rather unusual 
occurrence in FM tuners) ; and adjacent 
channel selectivity of 5.8 dB. The muting 
and stereo thresholds were identical at 
about 17 dBi (4 µV). In spite of the al 
most perfect response flatness up to 
15,000 Hz, the 19-kHz pilot carrier leak
age into the outputs was a very low - 68 
dB and the tuner hum was - 66 dB. 

User Comment. From its features 
and general performance, it is obvious 
that the Model S-7910 receiver will be a 
formidable competitor in the upper
medium price class. Although 'more 
power is available (from Sherwood as 
well as other manufacturers) at consid
erably higher prices, it is doubtful if most 
people would ever notice the difference. 
Certainly a conservative 60 watts of es
sentially distortionless audio across the 
full frequency range is more than 
enough even for most low efficiency 
speakers in typical home environment. 

All the controls operated very smooth
ly. The FM muting was positive and tran
sient-free. The dial calibration was accu
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rate , with a maximum error of about 100 
kHz (less than the width of the pointer) . 
The "Positune" FM tuning indicator ap
peared to duplicate the function of the 
center channel tuning meter. The LED 
came on only when the meter pointer 
was centered on the meter's scale, sig
nifying correct FM tuning. However, the 
LED is much easier to see, especially at 
a distance. 

The sound was all one could expect 
from a receiver having this order of per

formance. Since the actual channel sep
aration of FM broadcasts is far less than 
the capability of the receiver, it is unlike
ly that one would ever notice the 60-dB 
isolation between channels, but you can 
always be assured that you will never 
hear crosstalk. With almost any car
tridge one might use, the most sensitive 
setting of the phono switch will be more 
than adequate in avoiding input over
load. In most cases, this switch will be 
used to balance the levels of the phono 

and tuner sections. It is nice to know that 
no combination of cartridge and record 
can come close to the overload limits of 
the preamplifier. 

At a time when receivers in the $750 
to $1000 price range are almost com
mon, it is reassuring to find one priced 
less than $500 that will match just about 
any of them in performance and control 
features, to say nothing of sound quality 
though with lower power output. 
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THERE'S A 
BETTER WAY TOGO. 


Energy shortages tell us we 
have to change our driving style. 

Now! It doesn't 
mean we have 

to go back to 
horse and buggy 

days. But it 
does mean we 

have to make 
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every drop of gas gi ve us the 
most go for our money. Anyone 
with horse sense knows that a 
well-tuned car gets better mileage, 
and in times of fuel shortages, 
better mileage means a lot. 

The Mark Ten B Capacitive 
Discharge System keeps your car 
in better tune so it burns less gas. 

Using Mark 
Ten Bis more 
than horse 
sense. It's the 

I 

smart move under the hood, helping 
a nation survive an energy crisis 
and keeping you on the road. Delta 
Mark Ten . The best way to go. 

\Ir,. DELTA PRODUCTS,INc.i 
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, ~ 	One Delta Way, Dept. PE I 
Grand Junction, Colo. 81501 
(303) 242-9000 I 

I want to know more about Mark Ten CDl's. I 
Send me complete no·nonsense information on I 
how they can improve the performance of my car. 

Name 	 I 
Address 	 I

I 
I 
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HIGHLIGHTS 


Film Stars Robot 
A computer-controlled robot is the star of a new film en
titled "Hierarchical Control." The film, which runs for 
20 minutes, demonstrates computer control techniques 
developed by the U.S. Commerce Department's Na
tional Bureau of Standards and how they can best be 
used in the automation of factories. Using simple per
formance tasks including stacking blocks and inserting a 
pin in a hole, the movie analyzes the improvements on 
programming speed as higher levels of control are add
ed. The film will be made available on free loan. Write : 
National Bureau of Standards , Office of Developmental 
& Control Technology, Al30, Technology Building, 
Washington, D.C. 20234. 

FCC to Test Warehoused CB Models 
Under a precedent-setting program set up by CEDA 
(Communications Equipment Distributors Association), 
representatives from FCC Field Engineering Offices 
will be able to select a CB radio from a participating 
CEDA member's warehouse and test it to see if it meets 
current type-acceptance standards. Although the FCC 
has long wanted to test the radios that consumers actu
ally buy, rather than testing only those submitted by 
manufacturers, they lacked the budget to carry out such 
a program. The FCC said late last year that they plan to 
take full advantage of CEDA 's program "after the first 
of the year, when 40-channel radios are offered for sale 
and the new transmitter and receiver specifications take 
effect." 

EIA Reports Imports "Up" 
For the first nine months of 1976, U.S. imports of con
sumer electronics equipment have increased, according 
to the Electronic Industries Association (EIA). Total 
TV receiver imports are up 95.3%, with total color up 
156.2% and monochrome up 67.4%. Home radios are up 
21.7%, and automobile radios are up 37.4%. Phono
graphs increased 123.9%; record players, changers, and 
turntables are up 45.9%; total tape equipment (play/ 
record), 67 .1%; and play-only tape equipment, 79.2%. 

Marine Radiotelephone Misuse 
The widening use of full-channel vhf/FM radiotele
phones has increased the incidents of boatmen selecting 
improper radio channels, according to the Radio Tech
nical Commission for Marine Services. Channel 13 has 
been set aside for communications directly between the 
masters and pilots of approaching vessels. But the re
served radio channel is in jeopardy as pleasure boatmen 
increasingly attempt conversations on channel 13. The 
Commission encourages recreational boatmen to listen 
to channel 13 when in the vicinity of large ships that are 
maneuvering, but notes that they should limit any radio 
contact to that necessary for safe passage of the com
mercial vessels. 

More Computer Stores 
In December 1975, Paul Terrell opened his first Byte 
Shop in Mountain View, Cal. Thanks to the tremendous 
growth of the hobby computer market, Terrell anticipat
ed, at the end of last year, a total of 34 Byte Shops to be 
in operation by Christmas of 1976... The success of 
existing computer stores has also prompted Semicon
ductor Specialists, Inc., an industral distributor, to an
nounce entry into the computer hobbyist market. The 
company plans to establish MPU Shops at all 12 of its 
U.S. locations, the first in the Chicago area. The MPU 
Shops will have working models of five µP kits, three 
unassembled kits, and four additional µP chips not in kit 
form . Two complete developmental systems will be 
available, and books , power supplies, tape readers , and 
accessories in kit form will be carried .... Close be
hind is the Computer Shack, a retail store devoted to 
only personal µC's and peripherals and interfaces . Pres
ident Ed Faber of Computer Shack, Inc., projects a na
tionwide chain of 100 franchised Computer Shack retail 
stores by the end of 1977. Plans are to provide complete 
sales and service for the computer hobbyist , education
al, and business user and feature a broad line of µC's 
and modules , books, tools , and comprehensive line of 
accessories. In addition, each Computer Shack will 
have its own game room where customers can operate 
µC's and peripherals in various games of skill, accord
ing to a company spokesman. 

TV Process Converts B&W to Color 
Imagine Shirley Temple , the Marx Brothers, and the 
original King Kong in full-color TV motion pictures. 
B.J .A. Systems Inc. has devised a process that is said to 
transform monotone scenes into clear, bright, realistic 
color images . The colorizing process is accomplished 
through a combination of electronic color generation , 
video animation, and artistic skill. Basically, B.J .A. 's 
artists assign color based on grey level information in 
the B&W TV or video signal. Using a combination of 
analog and digital techniques, the operator can color an 
entire scene. The result is a full-color version of previ
ous monochrome footage on broadcast-quality tape or 
video cassette. 

WWV &WWVH Broadcast Changes 
The National Bureau of Standards (NBS) plans to dis
continue broadcasting on 2.5, 20, and 25 MHz from 
WWV and 20 MHz from WWVH. All broadcasts from 
these standard time and frequency shortwave stations 
on other frequencies will continue unchanged in power 
and format. The reduction in the number of frequencies 
is expected to commence February I, 1977. The fre
quencies are being dropped in a cost-saving move. 
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component experiments in : 
bipolar and field effect 
transistors, Zener diodes, 
light-emitting diodes, 
SCR's and 
phototransistors. 

"McGraw Hill CEC . 

. ' 
' -"-... "'· .... 
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NRI BRINGS "POWER-ON" 
TRAINING TO YOUR HOME... 
FOR QUICKER, EASIER 
LEARNING AND 
FASTER EARNING 

First and only school with designed
for-learning Quadraphonic Audio Center 
with four SP14 speaker systems. This 
solid state SQ'" system is designed so 
that you perform meaningful experiments 
at every stage of assembly ... for 

""Trademark of CBS. Inc. 

First with an electronics Discovery Lab '". This self-contained 
advanced solid-state lab gives you fast , hands-on access to fully
powered semiconductor ci rcuitry. NRI is the only school with all 
these modern solid state 

You get trouble-shooting experience from the chassis 
up ... with NRl's unique training equipment. 

The "firsts" described here are typical of NRl's over 63 
years of leadership in electronics home training . When 
you enroll as an NRI student, you get the technical 
knowledge and the priceless confidence of "hands-on " 
experience sought by employers in communications, TV
audio servicing , computers , and industrial and military 
electronics. NRI training is designed for your education ... 
from the educator-acclaimed Achievement Kit sent the 
day you enroll, to bite-size, well illustrated, easy-to-read 
lessons programmed with designed-for-learning training 
equipment . 

NRI Firsts make learning at home fast and fascinating. 
More than a million have come to NRI for home training . 
Professional TV I Audio technicians who learned their 
profession through home training rate NRI as first choice 
by far, over any other school . 

SEND FOR THE FREE FULL-COLOR CATALOG . . . for 
full details on NRI home training. There is no obligation ... 
no salesman will call. 

First and only school with 
new Optical Transmission 
System engineered to 
allow you to analyze 
digital and analog signal 
transmission via light 
beam. Systems you build 
use LED and 
phototransistor 
technology, simulating 
basic principles cif laser 
communications as used 
in video disc home 
entertainment systems. 

POPULAR ELECTRONICS 

thorough 
training in audio 
technology . 
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" Power-On " trouble-shoot ing. 

First and only school with designed-for-learning 
25" diagonal solid state Color TV complete with 
cabinet. This solid state set was designed by 
NRl 's own engineers from the chassis up so that 
students can perform over 25 in-set experiments 
during construction , including valuable 

First and only training with an actual 
programmable digital computer to give 
you the only home training in machine
language programming ... essential to 
trouble shooting digital computers. Extra 
Memory Expansion Kit doubles memory 
size for practice in advanced 
programming techniques. 

--· 

First and only school with 

a portable CMOS digital 

frequency counter 

engineered by NRI to give 

you experience in the 

newest types of digital 

systems coming into 

expanded use in 

consumer electronics. 


First and only school with a solid state 
regulated power supply engineered by 
NRI to give you expe rience with modern 
power supply designs; to give you a 
premium power supply for you r NRI 
Transceiver, or to use in trouble
shooting mobile equipment. 	 First and only school with designed-for

learn ing, 400-channel , digitally

. school with 

synthesized VHF Transceiver to give you 
the only fu lly-up-to-date 2-meter 
equipment for complete training in 
commercial, amateur, and CB 
communications. The design 
incorporates circuitry and components 
representative of the latest state of the 
art. Circuitry is on five plug-in ci rcuit 
cards to take fu ll advantage of NRI 
" Power-On" t raining. 

If card is missing , write to : 

NRI Schools 
McGraw Hill Continuing 

Education Center 
3939 Wisconsin Ave . 
Washington , D.C. 20016 
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WHY SETTLE FOR LESS

THAN A 6800 SYSTEM 


MEMORY-
All static memory with se lected 2102 IC 's al 

lows processor to ru n at its maximum 

speed at all tim es. No refresh system is 

needed and no time is lost in me
mory refre sh cycles . Each board 

holds 4,096 wo1·ds of thi s 


polarity and contro l signal ar proven re l iable and trouble 
rangements . Baud rate selecfree memory. Cost

tion can be made on eachon ly $125.00 for 
individual interface. Alleach full 4K 


memory . 
 t hi s at a sensible cost 
of on ly S35.00 fo1· 

eit he1· se1· ial , or 
para ll el type 

"Motorola" M6800 processor 
with M1kbug® ROM opernt1ng POWER 
syste m. Auto mat ic 1 eset and load· SUPPLYing, plus full compatabi lity w ith 
Motorola eva luation set softwa re. C1·ystal Heavy duty 10.0 Amp power 

controll ed osc ill ator provides the clock signal supp ly capab le of powe1·ing a 

fo r the processor and is divided dow n by the fully expand ed system of memory 

MC 144 11 to provide t he various Baud rate outputs and intedace boards . Note 25 Amp 

fo1· the interface ci1·cuits. Full buffe r ing on all data recti fi er b1·id ge and 91 ,000 mfd com puter 

and address busses insures "g litch " free operation with grade filter capacitor. 

f ull ex pans ion of memory and interfaces. 

f\1ff/ib11g® is a regis tered lrademar/1 of' 

DOCUMENTATION- Motorola i nc. 

Probably the most extensive and complete set of data ava il abl e fo1· any 
microprocesso1· system is supp lied with our 6800 computer. This includes 
the Motorola programming manua l , our own very complete assemb ly in· Computer Sy stem 
structions, plus a notebook full of information that we have compiled on 

with seria l interface and 4,096 words
the system hardware and prog1·amming. Thi s includes diagnostic progrnms, 

sample programs and even a Ti c T ac Toe list ing . of mem ory........ . . ....$395 .00 


0 Enclosed is $395 for my SwTPC Computer Kit 0 Send Data 

0 orBAC_ _ ___________ #--------

0 or MC ______ _ ,______ Ex Date______ _ 

NAME 

ADDRESS 

C ITY STATE ZIP 

Southwest Technica l Products Corp ., Bo x 32040, San Antonio, Texas 78284 
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Popular Electronics~ 

BY GEORGE W. RANDIG MARCH 1977 

Seven-segment LED readouts indicate speed 

AMONG the popular bicycle acces
sories is the bike speedometer. 

This is usually a friction-producing de
vice with an analog readout. Conse
quently, the cyclist has to pedal some
what harder to overcome the friction , 
and the speed indicator's calibration 
markings are difficult to read. The digital 
speedometer described here over
comes these objections. 

This low-cost digital LED-display 
speedometer incorporates a frictionless 
method of counting wheel revolutions 
and converting them to bike speed. It 
counts pulses when a pair of magnets 
mounted diametrically opposite each 
other on the rim of the front wheel pass a 
reed switch mounted on the front-wheel 
fork. The speedometer's electronic cir
cuit is economical to operate since re-

from 1 to 99 miles per hour. 

chargeable nickel-cadmium cells supply 
the power. 

The speedometer is capable of accu
rately indicating speeds from 1 to 99 
mph. This is determined by the number 
of times the wheel rotates in a particular 
time interval. For example, a 27-inch 
diameter wheel will go through 745.96 
revolutions in one mile . If the wheel is ro
tating at one mile per hour, it makes one 
revolution in 4.819 seconds. If the digital 
counter that is driven by the reed switch 
is allowed to accumulate the pulses for 
4.819 seconds, the count represents the 
speed in miles per hour. In this project, 
two magnets, mounted diametrically op
posite on the wheel , produce a time in
terval of 2.409 seconds, so a reed 
switch count of 5 (for example) in 2.409 
seconds equals a speed of 5 mph. 

The reed switch is used to drive a pair 
of conventional digital decade counters, 
each having a 7-segment LED readout, 
with the carry of the first (units) counter 
driving the second (tens) counter. 

The speedometer uses two seven
segment LED displays for numeric pre
sentation. Its magnetic pickup is a sim
ple open-close scheme for operating the 
reed switch to "pulse" the input counter 
in the circuit. A timing circuit sets up the 
correct latching and reset intervals, and 
a novel calibration scheme lets you use 



the speedometer with almost any bicy
cle wheel diameter. In addition, details 
are given on how to build a battery re
charging circuit. 

About the Circuit. The speedome
ter, shown schematically in Fig. 1, em
ploys two decades of digital counting. 
Each decade contains a single IC that 
has a binary counter , latch, BCD-to-sev
en-segment decoder, and LED display 
driver all in one package. The carry out
put of IC1 (pin 22) is used to drive IC2. 
The values of current-limiting resistors 
RB through R21 are selected as a com
promise between minimum current and 
acceptable brightness of the LED dis
plays under high ambient light condi
tions. Resistor R22 serves as a protec
tive device in the event of accidental 
segment-to-ground shorting . 

System timing is provided by half of 
dual timer /C3. The timing period is de
termined by the setting of calibration po
tentiometer R2. The output pulse from 
the timer half of IC3. serves as the latch 
signal for the two decade counters. The 
trail ing edge of this pulse is differentiat
ed by C2 and R4, inverted by 01, and 
then used as the reset pulse for the 
counting system. 

The remaining half of /C3 is used as a 
free-running oscillator. The output from 
this oscillator is coupled through C9 to 
calibration switch 53 . When the speed
ometer is operating , and before the bicy
cle wheel is placed in motion, depress
ing S3 substitutes the known frequency 
of the oscillator signal for the wheel-rota
tion signal and allows adjustment of tim
ing potentiometer R2 until the display in
dicates the diameter of the bicycle 
wheel. This is the only calibration re
quired by the speedometer. The values 
of C3, R6, and R7 have been selected 
for an 11 .2-pulse/ second (pps) rate , 
which puts a 27 on the display (for 27" 
wheel diameter) . 

The input to the speedometer, via J1 , 
comes from the reed switch mounted on 
the front fork of the bicycle. The reed 
switch closes each time a magnet 
mounted on the rim of the wheel is in 
close proximity with it. When the input to 
IC1 (pin 2) is open, a high (logic 1) is as
sumed. When the reed switch closes, 
the input drops to zero (logic 0), and en
ters one count into IC1 for each closure. 

Capacitor C7 at the input of IC1 de
bounces the reed switch, while capacitor 
C6 at the output of the first decade coun
ter prevents the second counter from 
being incremented by more than one 
count for each carry pulse. 

Power for the speedometer is provid-

RESET 

C4 
.lµF 

RS 
IK 

RI 
120K 

~to.n. _l:!: Cl 
5µF 

IC I a IC2, 
PIN 24 

_LC9 

Fig. 1. E ach decade counter uses one IC that includes LED driver. 
IC3 provides latch and reset and is also cali bration oscillator. 

PARTS 
BI-Four 1.25-volt AA-size nicke l-cadmium 

cell s in se ries 
C l ,C3-5-µF. 35-Y elec tro lytic capac itor 
C2.C4 ,C5--0 . l-µ F disc capac itor 
C6,C7-10-µF , 35-volt electro lytic capac itor 
C8- l 80-µ F, 35-volt electrolytic capac itor* 
C9 - l 80-µF, 35-vo lt electro lyti c ca pacitor 
D 1- 1N9 14 diode 
D2 through DS- 50-PIY. 1-A rectifier assem

bly or separate IN4001 rectifier diode* 
D6--6-volt , Vi-watt zener diode* 
DIS l ,DIS2-:-Common-anode LED- type 7

segment disp lay 
F l-1/4-ampere fuse* 
11.12-6-to-9-volt , 150-mA indicator lamp 

(#TS-47 or simi lar)* 
IC I ,IC2-SN74 143 
IC3-556 dual timer 
J l - Phono jack 
J2- Mi niatu re phone jack 
Pl - Phono plug 
P2- Mi niatu re phone plug* 
Ql- 2N22 I 9 transistor 
The fo ll owing res istors arc V2-watt , 10%: 

ed by four 1 .25-volt rechargeable nickel
cadmium cells in series. The cells can 
be recharged, without having to remove 
them from the project , with the circuit 
shown in Fig. 2. You simply plug P2 on 
the recharger's output cable into J2 on 
the speedometer, plug the recharger's 

LIST 
Rl-120 ,000 ohms 
R3-280ohms 
R4--330 ohms 
RS- I 000 ohms 
R6--390ohms 
R7- 15.000 ohms 
R8 through R2 l-680 ohms 
R22-47 ohms 
R2-500.000-ohm miniature potent iometer 
SI-Reed swi tch (Radio Shack No. 275- 1550 

or similar) 
S2- Spst switch 
S3- Normall y open. momentary-action spst 

swi tch 
S4--Spst switch* 
T l- 12 .6-volt . 300-mA transformer* 
Misc.-Two magnets (see text) ; enclosures 

for main circuit and recharger; 2-meter 
length of two-conductor cab le; line cord*; 
perfora ted board ; IC sockets (3) ; transistor 
sockets: so lder c li ps ; fuse holder*; metal U 
bracket; electrica l tape; machine hardware; 
hookup wire; so lder; etc. 

*For recharger. 

line cord into an ac outlet, and turn on 
the power. 

Indicator lamps 11 and 12 in the re
charger circuit are used to limit the 
charging current to a safe level. Zener 
diode 06 maintains a constant 6-volt 
charging potential. 
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Photo shows how reed re lay is clamped to fork holding .front 
wheel of bicycle with magnets (one shown) on inner rim. 

MARCH 1977 

+ 

Fig. 2. Conventional regu lated power supply to recharge batteries. 

Construction. There is nothing criti
cal or difficult about assembling the 
speedometer and its battery charger. To 
simplify construction, the speedometer 
is best assembled on two perforated 
boards, one for the displays and the oth
er for the remainder of the circuit. Use 
sockets for the transistor and IC's and 
solder clips for the passive components. 
Hookups between the two boards and 
the off-the-board components can be 
made with lengths of insulated stranded 
hookup wire. 

Machine the enclosure that will house 
the speedometer by cutting out a display 
window and drilling holes for R2 and S3 
in the front panel and drilling holes for 
J1 , J2, and S3 in the rear panel. Then, 
secure the battery holder for 81 to the 
floor of the case and mount a handlebar 
clamp on the bottom of the enclosure. 
Cement a.red filter over the display win
dow and mount the circuit board assem
blies into place . Finally, connect the cir
cuit board to the other components. 

The simple recharger circuit shown in 
Fig. 2 can be assembled by any method 
you find convenient. House it in a suit
able enclosure, making certain that no 
point on the primary side of T1 touches 
the case or the circuit on the secondary 
side of the transformer. Mount 11 and 12 
inside the case. (There is no need for 
these lamps to be mounted in holders.) 
The holes for the line cord and power
output cable should be lined with rubber 
grommets. 

When both the speedometer and the 
recharger have been assembled and 
checked for proper wiring and soldering, 
charge the cells while you put together 
and mount the input assembly. 

The reed switch should be cemented 
to a 1" long by ¥s" square (25.4 x 9.53 
mm) wood block. This block is then held 
in place on the bicycle's front fork by a 
metal U bracket. (See Fig. 3 for fabrica
tion details .) Two magnets, such as 
those used for cabinet doors, should be 
cemented with epoxy to the rim of the 

wheel 180° apart. Note: Do not mount 
the magnets on the wheel in locations 
where they will interfere with the caliper 
brake pads. 

Wrap a few turns of electrical tape 
around the U bracket and mount the 
reed switch block in place as shown in 
photo. Once it is mounted, the reed 
switch block should be anchored rigidly 
to the front fork of the bicycle, and the 
reed switch should be oriented so that 
the magnets pass directly along its axis 
and within W' (6.35 mm) of it. 

To test the input system, turn the bicy
cle upside down and connect an ohm
meter across the contacts of the reed 
switch . Slowly rotate the front wheel of 
the bicycle until one of the magnets 
passes the reed switch. As the magnet 
approaches the reed switch, the latter 

EPO XY SOLDER 

CLIPS TO 


WOOD BL OC K 


Fi g. 3. Details of mountin g 
bracket .for reed relay. 

should close and produce a zero read
ing on the meter. As the magnet moves 
away from the reed switch, the contacts 
should open, and the meter's pointer 
should register infinity. Perform this test 
with both magnets. Then set the wheel 
to rotating slowly so that the magnets 
pass by the reed switch several times. 
With each pass of the magnets, the me
ter's pointer should momentarily deflect 
toward the low end of the scale . 

With the battery pack inside the 
speedometer, mount the project to the 
handlebars of your bicycle and connect 
the reed-switch input to it via its cable. 
Now, to calibrate the speedometer, set 
the front wheel of your bicycle so that 
the reed switch is midway between the 
magnets. Depress calibration switch S2 
and adjust timing control R2 until the dis
play indicates the wheel's diameter. Re
lease S2, and you are ready to pedal 
away-but watch your speed. <> 
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BUILD 
jJ_THE Ul 

FOB ELECTRONICMUSIC 
A low-cost voltage-controlled oscillator 

with sine, triangle, square-wave and pulse outputs. 

I F YOU'RE an electronic music buff 
and are looking for an inexpensive but 

flexible VCO, this project is for you. 
Dubbed the V-4, it has four outputs
sine, triangle, and square waves and 
variable width pulses. It also boasts pro
visions for pulse-width modulation and 
front panel controls for sine-wave 
symmetry, triangle shifting, square
wave amplitude and pulse-train ampli
tude . . 

Furthermore, two V-4 voltage con
trolled oscillators can be used simul
taneously to produce harmony effects 
when teamed up to an "input multiplier." 
The multiplier, which is also a part of this 
project, amplifies the input control volt
age by a constant adjustable from one to 
two. Thls allows you to produce a funda
mental tone from the first V-4 and a tone 
one octave above it or any fraction in be
tween from the second. 

About the Circuit. The schematic 
diagram .of the V-4 is shown in Fig. 1. It 
is a standard design using readily avail
able components. Integrated circuit /C2, 
an lntersil 8038 VQO, is the heart of the 
project. Input stage /C1, a 741 op amp 
summer, processes the control voltage 
inputs (Ve) to produce a 0-Hz output 
when Ve is zero. (Multiple inputs facili
tate the use of special effects such as 
frequency modulation, etc.) Transistors 
01 and 02 form Cl Schmitt trigger which 
converts the triangle output of IC2 into a 
pulse train with variable duty cycle. 

The duty cycle of the pulses is deter
mined by the setting of R16. Potentiom
eter R17 "trims" the input to the Schmitt 

BY JAMES BAABARELLO 

trigger so that minimum pulse width is 
obtained when R16 is set fully counter
clockwise. The amplitude of the pulse 
train is governed by R22. This control 
also determines the amount of hystere
sis in the trigger, and therefore the mini
mum pulse width obtainable. For the 
specified component values, the duty 
factor is adjustable from approximately 0 
to 50 percent. 

Diodes 01 and 02 drop the supply 
voltage so that the potential difference 
from point B to ground (Ve) can be 
matched at the output of IC1 (VA)· This 
is done because the two voltages must 
be equal for an output frequency of zero 
Hertz. Resistor R12 insures that suffi
cient current will flow through the diodes 
to keep Ve constant as the current drain 
of IC2 varies. 

The· input multiplier shown in Fig. 2 is 
a noninverting amplifier whose gain is 
adjustable from unity to two. You will re
call that, in the musical scale we most 
commonly use, the frequency of any 
note is the twelfth root of two or 
1.059463094 times that of the previous 
note. So, if a note a perfect fourth above 
the fundamental is desired, the control 
voltage must be multiplied by 
1.25992105 (the twelfth root of two 
raised to· the fourth power). The input 
multiplier will do this when its gain is ad
justed by means of potentiometer R26 in 
the feedback circuit of IC18 

Once this aural adjustment is made, 
all other tones produced will be a perfect 
fourth above that which would be pro
duced at unity gain. A multiplier control 
input (Ve) of more than 3 volts is not 

useful (assuming an adjusted multiplier 
gain of two) because IC2 will not re
spond linearly with a control input of 
more than 6 volts . Resistors R6 and R24 
are used to load the unused inputs of 
multiplier and input stages, respectively, 
while generating minimum output offset 
voltages. If the optional input multiplier is 
included in the project, a 747 dual op 
amp should be used. As indicated in Fig. 
1 and 2, IC1 becomes IC1A, and the 
multiplier is IC1 B. 

Design Equations. You might have 
to vary some of the component values to 
suit your existing power supply and(or 
controller. Therefore, we will discuss the 
important design equations of the V-4 . 
The output frequency of the 8038 is pro
portional to the quantity (Vs - VA)· For a 
standard controller (nominally O to 5 
volts), we want a 0-volt input to cause 
VA to equal Ve. We also want a 6-volt in
put (20% overrange) to cause VA to 
equal the quantity (2/3)(Vcc - Vee). 
where Vee and Vee are the positive and 
negative supply voltages, respectively. 
Any voltage greater than (2/3)(Vce -
Vee) will cause the IC to act nonlinearly. 
For the circuit in Fig. 1, VA equals -K1 
(Ve) - K2 (Vee). For the above con
straints, K1 = (Ve/6) - (Vee/18) =RSI 
R1, and K2 = (Vs/Vee) = RS!Rl. For 
minimum offset voltage, R6 = R1 11 RS 
JI Rl. Furthermore, Vs = Vee - 1.4 V 
and 
fouT=1.5 (Vs - VA)/R9C1 (Vee-Vee) 

= . 1.5 (RS/R1) Ve/(2VeeR9C1) 
when IVee I= IVee I 
=K3Ve 
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PARTS LIST 
C l-0.0 1-µ.F . 5% po lystyrene 

capacitor 
C2 .C3.C7 - 2.2-µ. F. 25-vo lt 

tanta lum capac ito r 
C4-0 . 1
CS- 0 .05 

::; ~ ~C6-0.001-µ.F d isc ce ramic capac itor 
_,

D I .02- 1 N9 14 silicon diode ----
O"' 
-

IC l- 74 1CA or 747CA operat ional ampli fi er UC::~ 

> ~o.. 


IC (see tex t) . o;:; 

u 

IC2- 8038 vo lt age-contrnlled osc ill ator IC 
J 1- Hl- Phonn or other suit able jack 
QI .Q2-2N5 I 29 npn s ilicon transistor R23- 100 oh1m 
The fo llowing fi xed resi stors are \4-wan . 10% R4 .RX. R 17- 10,000-ohm printed circui t tri m-

tolera nce unless otherwise spec ified. mer pntcntiomcter 
R I .R2 .R3- 39 .000 ohms RI I- I-megohm linear tape r pote ntiometer 
R5 .R 13. R2 I .R24-47 .000 ohms R 15--50 .000-\>hm linca r taper potentiomete r 
R6- 15 .000 nhms RI 6. R22- I0.000-<,hm linea r taper potenti 
R?- 56.000 ohms nmetcr 
R9.R 10- 33.000 ohms. 5% max. R26- IOO.OOO-ohm linear taper potent iometer 
R 12- IOOO ohms S I- I -po le. 3-pllsitinn rotary switch 
R 14- 150 ,000 ohms Mi,c-. - Printed circuit or perforated board , 
R 18-220.000 nhms suit ah le cndnsurc. honk up wire, IC and 
Rl 9- 10.000ohms transis tllr sockets. knobs. machine hard
R20. R25- 100 ,000 ohms ware . so lde r. etc. 

N :.:: ww 
NOcnO 
a:::-...J::J 

:::> > N
O..::J 0 

Q. 
2 

"' 
.-----"NI~....."'-""><~ --+-41 J 

N,_

"'..

The constant K3 was chosen to be 
208 to conform with the author's con
troller. Thus, the product R9Ct = 
0 .00361 RS! (Rt Vee) . lntersil recom
mends a value of R9 (and RtO, as the 
two are identical) between 10,000 and 
100,000 ohms for best linearity. Be
cause the capacitance of Ct is on the 
order of 0.01 µF, a small deviation from 
the nominal value will affect K3 consid
erably. Therefore, a capacitor with as 
close a tolerance as possible (no more 
than 5%) should be used. 

Given these factors, the following de
sign steps are suggested: 

1. Select a single value for Rt , R2, 
and R3 between 33,000 and 47,000 
ohms ; 

2. Determine the value of RS using 
the equation 

RS = Rt ((V8 / 6) - (Vcc/18)); 
3. Find the resistance of R7 as given 

by the formula R7 = RS (VEE/Vs) ; 
4 . 	Calculate the value of R6 


1 

R6 = 

(1 !Rt) + (1 I RS) + (1 I R7) 
5. Then, the product R9Ct is deter

mined by the equation 
R9Ct = 0.00361 RS! (Rt Vee) 
where R9 will be between 10,000 and 
100,000 ohms. 

+v 

10 TO 
R3 

Fiu. 2. foput niu/t.iplier circuit 
ad.justs the control vol.tage. 

Construction. The V-4 VCO can be 
assembled using printed circuit or per
forated board. Suitable etching and drill
ing and parts placement guides are 
shown in Fig. 3 . The use of sockets for 
the semiconductors is recommended. 
Using standard components, a K3 of 
217. 17 was obtained. This was deemed 
sufficiently close to the ideal value of 
208 . However, trimmer potentiometers 
can be used in place of R9 and RtO to 
allow precise adjustment of K3. If a sec
ond V-4 with an input multiplier is to be 
used with the first , trimmer potentiome
ters must be used so that its K3 can be 
matched to that of the first V-4 . For best 
symmetry , the resistance of R9 and RtO 
should be as closely matched as possi
ble. 

Figure 4 shows modifications to the 
etching and drilling and parts placement 

MARCH 1977 43 

http:C2.C3.C7


-JI 

-J2 

-J3 

-1
Fig. 3. Component layout diagram i s 
shown above. Etchin g and drilling guide at right. 

I 

guides that must be made if an input 
multiplier is included. A 747 dual op amp 
replaces the 741 at the /Ct location. 

A suggested panel layout for the V-4 
(less input multiplier) is shown in Fig. 5. 
If solid wire is used for interconnection 
between the switches and controls on 
the panel and the pads on the pc board, 
no mounting brackets are necessary. 
You tan use phono jacks, miniature 
phone jacks, banana jacks, or any other 
suitable type of connector for input and 
output signals. 

Calibration. Connect the V-4 to a 
well-regulated bipolar (± ) 15-volt sup
ply. Regulation is very important be
cause the output frequency is propor
tional to the quantity 2/(Vee - VEE) . 
Then make sure your controller is pro
viding correct control voltages. If 5 volts 
produces the fifth octave, 2.5 volts 

' should produce the fourth, 1.25 volts the 

Fig. 4. Adjustments that must 
be made to the basic board if 
an input multiplier is used. 

third , 0.625 volt the second, and 0.3125 
volt the first. Before calibrating the V-4, 
check the values of Vee and V8 . Deter
mine K4 from the equation K4 = (V8 /6) 
- (Vee/ 18). Set trimmer potentiometers 
R4 and RB approximately to their midpo
sitions. Connect the positive probe of a 

.high-impedance voltmeter to point B and 
the negative probe to point A. 

Apply a control voltage to one of the 
inputs and adjust R4 for a meter reading 
of (K4 Ve) volts. Next, remove the con
trol voltage and adjust RB for a zero-volt 
reading. Then, reapply the control volt 
age and again adjust R4 for a reading of 
(K4 Ve) volts . Remove the control volt
age and adjust RB for a zero-volt read
ing. Repeat this procedure until no fur
ther adjustment is necessary. Then ap
ply a control voltage and adjust Rt 7 for 
minimum pulse width with Rt 6 set fully 
counterclockwise. This co'Tlpletes the 
calibration procedure. 

Using the VCO. The V-4 can be used 
just like any other VCO. Keep the follow
ing guidelines in mind: 
• When using the triangle output, turn 
Rt 6 (PULSE WIDTH ADJUST) fully clock
wise. The HIGH and MEDIUM positions of 
St will result in a triangle output with 
less low-frequency content than the LOW 
position . Accordingly , the output wave
forms will have steeper slopes and 
"brighter" tones. 
• The grounds of the controller and the 
V-4 must be tied together. 

1 "------111------4

T 
TONE 1" 

*$ -*LMH-** -·+
T1 1"----1-1" I 1" 

4" :PsE-T:[- :Q! RE -~E -+ 
~-4-~~$- ~~ -t~i'

VOL PWM CON TROL IN 
' IN i ' I 1" 

I i I I I _J_ 
- 1112'' /- 1" + 3/4"+5/8'~- 5/8°~ 112" I-

• • l/4"01A * •3/8
00

0I A 

Fig. 5. Suggested layout diagram 
for the front panel of the V-4 
without the input multip lier. 

•When using the pulse width output, 
connect the PWM input to a control oscil
lator and adjust the control oscillator out
put for zero volt if no modulation is de
sired . Alternatively, the PWM input can 
be grounded. If this input is left floating 
with respect to ground, Rt6 will have lit
tle or no effect on the width of the output 
pulses. <> 
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CB RULES CHANGES FOR 1977 
91-iE Federal Communications Com
1 mission (FCC) dropped its big 

bombshell in July 1976, when it released 
new rules that expanded the Class D 
Citizens Band from 23 to 40 shared AM 
and SSB frequencies. The channel
expansion date was effective January 1 , 
1977, accompanied by a host of other 
revisions and new rulings. 

Among the new rules are name 
changes, effective January 27. The Citi
zens Radio Service is now called the 
Personal Radio Services, with Class D 
now named the Citizens Band Radio 
Service. Also, Part 95 of the Rules now 
consists of four subparts. Only the appli
cable subparts need be in the posses
sion of a licensee. Thus, CB'ers will no 
longer have to fight through deep techni
1cal standards, the Remote Control Serv
icei, etc. 

The new band extends from 26.965 
MHz to 27.405 MHz. All channels are 
spaced 1 O kHz apart except those adja
cent to one of the five Class C channels. 
(Th~ sixth Class C channel is 27.255 
MHz, which is the same as Class D's 
channel 23.) Had the FCC added more · 
channels above 27.405 MHz, it-is be
lieved that serious intermodulation inter
ference would have resulted . 

The new channels are not numbered 
by the FCC. The original 23 channels 
were. However, the industry quickly 

I numbered the channels 1 through 40. 
Can you imagine a channel selector that 
indicates ' the frequency (such as 
27.395) instead of a channel number? 

Until the band was expanded, 27.235, 
-27.245, 27.265; and 27.275 MHz were 
not available for CB use. The frequency 
27.225 MHz is CB channel 22 and 
27.255 MHz is CB channel 23. To avoid 
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confusion, channel 23 remains at 
27.255 MHz, with channel 24 (27.235 
MHz) and channel 25 (27.245 MHz) in
terspersed between channels 22 and 
23. Channels 25 through 40 extend from 
27.265 MHz to 27.405 MHz in 10-kHz 
steps. As far as the user is concerned, 
the frequencies actually used do not 
matter; only the consecutive channel 
numbers need be considered. 

Channel 9 (27.065 MHz) is still re
served as an emergency channel. Since 
channel 11 i27.0 5 MHz) has been re
stored as a general-use channel , there 
are now 39 AM and 78 SSB channels 
available for standard communication, 
plus channel 9. 

All CB transmitters must be type
accepted by the FCC, of course. Now, 
however, new CB receivers must be cer
tified by the FCC as well. 

Most 23-channel CB sets have a hete
rodyne-type frequency synthesizer that 
employs an oscillator operable on six 
different frequencies in the 27-MHz re
gion. These signals, if radiated, can in
terfere with land-mobile radio systems 
operating in the 37-MHz region of the 
30-59 MHz (low vhf) land-mobile band. 

Because the second harmonic of a 
CB signal can cause TVI (television in
terference) to television channel 2, and 
the third harmonic can interfere with the 
reception of TV channel 5, the new rules 
require that the harmonic attenuation of 
newly type-accepted CB transceivers be 
at least 60 dB, as compared to the ear
lier 50 dB requirement. The strength of 
any harmonic of a 4-watt transmitter 
may not exceed 4 microwatts (µW). (In 
the future, the FCC might increase the 
harmonic attenuation requirement to 
100 dB, limiting the. power of any har

monic of a 4-W transmitter to 0.0004 mi
crowatt.) 

The FCC now requires t.hat, at any fre
quency, a signal at the antenna termi
nals of a CB receiver not exceed a level 
of 2 nanowatts and will probably tighten 
this standard to 0.2 nanowatt in the fu
ture. Direct radiation fro.m the chassis 
may not exceed 5 µV per meter, when 
measured at a distance of 3 meters. 
Also, interference arising from the power 
line (base station or mobile transceiver 
used with an ac adapter) may not ex
ceed 100 microvolts. 

In earlier days, type-acceptance of CB 
transceivers appears to have been 
granted largely on the basis of test mea
surements presented to the FCC. f\jow, 
however, the FCC examines a sample 
transceiver. Moreover, it is expected 
that the Commission will sample produc
tion models, too. 

Samples of 40-channel CB transceiv
ers were not accepted for testing by the 
F~C until September 10, 1976, with a 
cutoff date of November 1 for those new 
rigs that would receive type-acceptance 
by January 1, 1977 (assuming they 
passed the tests). During early tests, it 
was found that many manufacturers had 
trouble limiting the receiver's signal ra
diation to the newly established 5-µV 
standard. Consequently, the FCC has 
been stretching the figure to 8 µV for ac
tual units examined by the Commission. 
Furthermore, production models can get 
away with 15 µ V OQ a sampling basis. 

Clearly, the FCC is enabling CB radio 
manufacturers to phase-in the riew 
standards, which, frankly, makes sense. 
Otherwise, production would be serious
ly curtailed and customers would be 
faced by higher price tags. 
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The new rules prohibit the use of inter
nal or ·outboard adapters to permit 23
channel transceivers to be operated on 
the new channels (24 threugh 40). H0w
ever, 'the FCC voted to authorize manu
facturers to. convert 23-channel trans
ceivers, in stoGk as of November 1, into 
40-9hannel units. Although new 40
channel equipment must meet the 5 µVI 
meter (stretched to 8µV) specification 
tor receiver chassis radiation, converted 
sets may radiate up to 50 1-\:Y/meter, 
r:neasured at a distanc_r of 3 meters. 

Converted CB rigs (only those 23
channel units with. "digital" circuitry are 
likely, for economic reasons, to be "con
vertible" by manufacturers) must carry a 
special label stating that they have been i 

converted under a special FCC waiver 
dated November 10, 1916. 

There's nothing in the new rules t)1at 
prohibits the manufacture of new 23
channel units, but they promise to be 
supplanted by newer models with the 17 
new channels added. ¥anufactuters of 
23-channel units that do not meet the 
new standards must ceas~ production 
by AugusU, 1977, and sales 1must be 
'discontinued by January 1, 1978. (Own

, 	 ers of these units' may continue to use 
them, however.) , , 

/, \ 
Other Changes. Other CB radio rules 
changes have occurred. For example, 
instead of having to wait weeks for a CB 
license before going on the air legally', ' 
you can now issue your own "temporary 
permit," make up your own temporary 
call sign, and start transmitting immedi
ately after buying and installing a CB 
transceiver! When you unpack your CB 
transceiver, there should be a copy of 
FCC Foffj:l 505, a copy of FCC Form 
555-B, land a copy of Part 95, FCC 
Rules and Regulations (the CB rules), in 
·the carton. , · 

You must complete FCC Form 505,r 
the application for a CB station license 
and mail it to the Federal Communica

tions Commissjon, P.O. Box 1010, Get
tysburg, Pa. 17326. But don't sentl 
along the $4.00 requested! Effective 
January 1, 1977, CB Licenses are free! 
(Rebates are expected to be sent ·out at 
a future time.) Most existing official call 
signs consist of three letters anQ four nu
merals (such as KOQ-1212). New ones. 
now consist of four letters and four nu
merals. 

Because of the high theft rate of CB 
mobiles, the revised FCC rules require 
that manufacturers engr~ve the,· unit's1
serial number on the chassis, making 
eradication difficult. 

I 

Looking Ahead. In mid-i 976, the 
FCC formed PU RAC (Personal Use Ra
dio Advisory Committee) whose mem
bers include CB users, equipment sup
pliers, engineers, and others who serve 
the FCC in an advisory capacity. Any
one can join and attend meetings. 

Standards had to be tightened so that 
TVI could be reduced and so that CB us
ers would suffer less from adjacent 
channel int!'Jrference ("bleedover" and 
"splatter"). With mpre than 7 million CB 
licensees operating an estimated 16 mil
lion transmitters, the problems could get 
worse as the CB ·transceiver "popula
tion" grows. Note that ·FCC holds the 
CB'er responsible for maintaining inter
ference-free communications. 

Nearly all CB transceivers are rated 
as being capable of nearly 100 percent 
modulation. Few are capable of 100 per
cent positive (upward) modul~tion , but 
many can achieve greater than 100 per
cent negative (downward) modulation 
on peaks. It is the negative overmodula
tion that causes problems. Distortion is 
produced and the signal can splatter 
onto adjacent channels or over the en
tire band. For this reason, the FCC is 
taking a hard look at modulation limiter ' 
functioning. As a result, many CB radios 
are no longer playing loose and fast with 
.their AML circuitry. Therefore, expect 

somewhat , lower modulation capability 
with some 40-channel rigs. 

Interference from low-power (no niore 
than- 100-mW input) "walkie-talkies" 
used by children can be expected to 
abate as the FCC no longer permits 
such units to be manufactured tor·use 
on the CB 11-meter band. The frequen
cy range of these two-~ay, radio porta
bles has · been moved to ·49.82-49.90 
MHz-a far cry from CB's 27-MHz band. 
The older walkie-talkies can be used un

, til 1983, but most will be out of service 
by then. 	 ·> 

The FCC is studying, the possibility of 
expanding the Citizens Band iri the 
220-225 MHz spectrum and the 890-947 
MHz band. New frequencies would also 
serve to accommodate the hordes of 
new CB users that will join the throng in 
future years. · 

What about the new 40-chan~ei rigs? 
There will probably be a shortage during 
the first quarter of this year, but produc
tion will likely catch up to demand'later in 
the year. The 40-channel units offer 17 
new, virtually unoccupied channels 
which will permit clearer and longer
range reception for awhile . Moreover, 
the widespread use of digital \circuitry 
makes possible electronic numerical 
channel displays that are easier.to read, 

·can be built into a microphone, and add 
a certain "class" to the rig . There are 
many 23-channel rigs that have this fea
ture, too. Some of tne added 17 CB 
channels will be subject to the possibility 
of interference from Industrial, Land 
Transportation, and Public Sen.dces li

1
censees which will share four new chan
nels (24, 25, 26, and 27) for another 
three years. 

In b~ief, there's safety in numbers with 
CB radios today, wi~h close to 20-million 
CB radios in use throughou~ the country. 
Emergency calls, motorist q.ssist, and 
just plain talk fu..n can be yours at m.odest 
cost-whether you are opera\ing with 23 
or 40 channels! 	 o 

BY WILFRED M. SCHERER • 

~~@§ AND @@[ill§ OF CB 
'FREQUENCY- GENERATION 

i 	 I 

You'll be making a buying decision 'among crystal, frequencyMETHODS 
 synthesizer, and phase-locked-loop digital when you' 
pick a CB transceiver. Here 's how each works and its attributes. 

I . . 

A LL RADIO transmitters (and most 
receivers) contail)!St~ges that gen

erate r-f energy. These oscillator circuits 
vary in design and application. For ex

ample, in CB transceivers, r-f signals at 
two· or more freqµencies are required to 
determine the ~transmit and receive. 
channels. 

Respor,iding to this challenge, manu
facturers E:lmploy one of three' methods 
. o! frequency generation: crystal oscilla
tors, _crystal synthesizers, and phase

' 
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Channels Crystal Oscillator Fre.quencies in MHz Cliannels
locked-loop synthesizers . With the ad

f, f2 f3
vent of 40-channel units, the latter meth 1-4 32.7 6.19 5.735 1. 5, 9, 13. 17, 21 

o'd has been widely' adopted for ,full 5-8 32.75 6.18 5.725 2. 6. 10. 14, 18. 22 

chanhel tr'ansceivers. Equipment with 9-1 2 32 .8 6. 17 ' 5.715 3, 7, 11 . 15, 19 

fewer channels (hand-held types, for ex-

1 

13-1 6 32.85 6.15 5:695 4, 8. 12. 16. 20, 23 


ample), however, still utilize_ individual 17-20 32.9 


e<rystal and cry~tal synthesizer systems. 
 21-23 32.95 

In this article we'll examine the strengths _ Receive: _ f , - f2 - !s•g= 0.455 MHz (i-f) 

Transmit: f , - = f,, ,nsm; 1
and weaknesses of all three ap f3 


Example for Channel 13
proaches. 
Rece ive : 32 .850 - 6.190 - 27. 115 = 0.455 MHz 

Transmit: 32 .850 - 5.735 = 27. 115 MHz (transmitting freq uency) 


Some Basics. The receiver section of 

a typical trans6eiver is ' a super

heterodyne. ''.Superhets" have been 

around for a long time, and the basic 

principle ' remains unchanged. Prior to 


L-__._•.., SYNTHESI ZER 
. OSCILLATOR MIX ER

_( 1 detection, the received r-f signal is fre  2 (RE CE'IVE)
quency shifted or converted to an inter

mediate frequency (i-f). This conversion 

is performed by the mixer stage, which 


OSCILLATO R ) 1 J-, I .,_....____._ .....
heterodynes·two r-f signals. That is, one 

signal is "beat" cigainst another, result

ing in four output signals-the two orig


S'l<NTHESI ZER f 1- f3 " f t r ansmi t '•inals plus one at the ·sum of the two beat OSCILtATOR MIXEfi 
3 ' (TRANSMIT)frequencies and one at tpe difference. 


For example, if we heterodyne_ a 2 \ 
Fig. 2. Block diagram of 14-crystal, 23-channel syn thesi ze1·.megahertz (MHz)_sigl'l_al with a 4-MHz 
Vario.us crystal combinations are given iii. T able I. _ ,,, ' one, we will obtain a signal at 6 MHz (6 
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Fig. 1. Typ{ca /. cry stal 
oscillato.r,s employin g . 
fie ld-effect (,A) an d 
btpolar (B) lransistors. 

M_Hz = 4 MHz + 2 MHz), and another 
one at 2 MHz (2 MHz = 4 MHz - 2 
.MHz). The frequencies involved in CB 
communications are around 27 MH,z, 
and the i-f' most commonly used is 0.455 
MHz or 455 kHz. 

This low i-f enables us to have receiv
ers that exhibit high gain (to pick up 
weak signals) and good selec:;tivity (to 
reject signals on frequencies other than 
that of the desired channel) . To receive 
aChannel 13 signal at 27.115 MHz on a 
transceiver with a 0.455-MHz i-f, the 
mixer stage will beat the Channel 13 sig
nal with one at 27.570 or 26.660, MHz . 
supplied by a local oscillator. In the first 
case , the difference frequencyr 
(27.570-27.115) will be 0.455 MHz, and 
in the second, it will be 27.115-26.660, 
or 0.455 MHz. Note that the subtr,action 
·is made so that a positive remainder is 
obtained. No matter which local oscilla
tor frequency is used, the sum frequen
cy will be around 54 MHz. This signal 
will not be passed by the tuned ckcuits 
in the i-f section. 

However, this receiver will suffer from 
poor image re;ection, because the i-f is 
low compar.ed to the original frequency, 
which has been mixed or converted only 
once. (Such a receive~ is called a single
conversion unit.)' It wi ll not be able ~o tell 
the difference between the desired CB 
signal and one 0.91 MHz (twice the i-f) 

TABLE I 

removed. For example, a 26.205-MHz 
signal, if it reaches the mixer, will beat 
with the 26.660-MHz signal and produce 
a· 0.455-MHz output.· Similarly, if a 
27.570-MHz 1 IC?cal oscillator signal is 

,used, a signal in the 10-meter amateur 
band at 28.025 MHz ·could be picked up 
simultaneously (28.025 - 27.570 = 
0.455) . ' ) 

The image signal generally can not be 
attenuated by more than 10 dB or so, 
because the r-f circuits of the receiver 
must pass a band of frequencies for total 
coverage of the CB band. These circuits 
are not selective enough at. 27 MHz to 
adequately discriroinate between s'ig
nals 0.91 MHz apart. However, a signifi: 
cant improvement in image rejection can 
be realized by going to a higher i-f (typi
cally 7-10 MHz) . This will place the im
age signal much farther away from the 
frequencies of interest, to a .point where 
the r-f circuits can attenuate any image 
that does reach them by as much as 50 
to 80dB. _ I 

Unfortunately, at higher i-f's it's not 
very easy to obtain high selectivity with 
out using expensive filters, such as 
thpse ·used in single-sideband (SSB) 
equipment. Also, the gain of i-fst~ges at 
these frequencies is usually lower than 
those at 0.4S5 MHz! Therefore, double 
conversion is often used. This system 
employs two mixers, two locaL oscilla

http:compar.ed
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tors , and thus two i-f's. The first, high i-f 
yields good image rejection and the sec
ond, low i-f pr?vides high gain and se
lectivity. 

A simple transmitter, on the other 
hand, does not employ heterodyning1 It 

I 

consists simply of an oscillator whose 
output is at the transmitting frequency, 
one or more driver stages, a modulator, 
and a final amplifier. However, hetero
dyning is used 1n more complex trans
mitters. Both types of transmitters will be 
examined. 

Crystals and Crystal Control. Os
cillators employing quartz crystals are 
often employed in applications (such as 
CB radios) demanding a high degree of 
frequency stability. This stability is the' 
cryst 

1
al oscillator's greatest asset, usual

ly many times greater than that obtained 
from an oscillator using coil/capacitor 
tuned circuits as the frequency-deter
mining elements. 

The crystal oscillator's stability is de
rived mainly from the properties' of the 
crystal itself, which exhibits the piezo
electric effect. That is, when physically 
compressed, a voltage develops across 
the crystal. Conversely, when a voltage 
is impressed across the crystal, it physi
cally def0rms. Placing tl'le crystal in a 
suitable circuit (see Fig. 1.) will cause it 
to vibrate at a frequency determined 
mainly by its physical dim~nsions (prin
cipally its thickness) . 

The major disadvantage of quartz 
crystal frequency control is that the crys
tal has to be ground for one specific fre
quency, whereupon it is mounted in a 
sealed case . So a receiver with -40
channel capability and one intermediate 
frequency would require 40 individual 
crystals, each one ground to produce a 
specific output signal frequency equal to 

/ ....Jhe sum Of) (or difference between} a 
particular channel frequency and the i-f. 
(This requirement has spurred design
ers to develop sophisticated circuits to 
reduce the crystal count, as we shall lat
er review.) 

It is interesting to note that the crystals 
in the circuits of Fig. 1 are not ground to 
oscillate directly at 27 MHz. Crystals ca

. pable of oscillations at such high fre
quencies are generally very thin and 
fragile, ruling out their use in high-fre
quency applications such as CB. Rath
er, overtone crystals are used. Here, a 
quartz crystal, like a violin string, can be 
made to physically resonate (and there
fore electrically resor:iate) ·at ov~rtones 
of its fundamental frequency, which 
does not carry the same meaning as 
"harmonic." The overtone is a physical 
phenomenon whose ~frequency differs 
from the harmonic due to the mechani
cal loading of the crystal, whereas the 
harmonic is an electrical phenomenon 
that's an integral multiple of the funda
mental frequency. 

Most CB crystals are specifically 
ground ' for overtone operation, and t~e 
overtone or working frequency of the 
crystal is stamped on its metal case. 

Until a few years ·ago, most transceiv
ers with 23-channel coverage used clus
ters of crystals. For a single-conversion 
receiver, 23 chanr,iels were needed. The 
transmitter section also required 23 

. crystals, but these were ground to pro
duce 6utputs at the channel frequen
cies-not at frequencies offset from the 

27 MHz 

channels by the receiver i-f-bringing 
the total up to 46 crystals for 23-channel 
transceive coverage. If a dual-conver
sion receiver were used, another crystal 
was added 1for the second i-f stage. Al
though the operating frequencies would 
be tightly controlled, crystal cost for this 
was too high. 

Crystal Synthesizers. To produce 
OB transceivers at the lowest possible 
cost, manufacture.~s developed cir6uits 
to minimize the number of crystals need
ed for full CB coverage. The most'com
mon approach is called the crystal syn
thesizer. It uses the heterodyning pr,inci
ple to generate needed frequencies, and ' 
reduces the crystal tally down to -12 or 
14 for 23-channel coverage. 

In one synthesizer, one of slx high-fre
quency crystals is mixed with one of four ' 
low-frequency crystals to produce a dif
ference-frequency output which is the 
required frequency of heterodyning on 
receive. Similarly, one · of four other 
low-frequency crystals is used in con
junction with one of the six high-frequen
cy crystals to produce the transmit fre
quency. The various combinations re
quired for each channel are given in Ta
ble I. The block diagram of the system is 1 

shown in Fig 2. ' 

CB SIGNAL 
(f 5 ;gl 

OSCILLATOR 
.2 . 

f1- f3 = ftronsmit 

Fig. 3. This 23-clj.annel
1

crystal synthesi zer has dual 
conversion on receive. Crystal combinations in Table II. 

TABLE II 

The channel selector on the transceiv
er's front panel connects the appropriate 
crystal to the local oscillator for genera
tion of the required frequency. More re
cent designs employ I diode switching. 
That is; one side of each crystal is con
nected to the oscillator circuit, and the 
other side is connected to a switching di
ode, whi6h is in turn grounded. The se
lector switch forward biases the appro
priate diode, effectively grounding the 
crystal to which it is connected. All other 
diodes are.turned off, thus keeping their
crystals inactive. 

Channels Crystal Oscill'!tor Frequencies in MHz Channels 
t , 	 t, - t, 

1-4 37.6 	 10.18 10.635 1, 5. 9. 13, f7 . 21 
5-8 371.65 10.17 10.625 2, 6. 10, 14, 18. 22 
9-12 37.7 10.16 	 10.615 3. 7, 11 . 15, 19 ' 

13-16 37.75 10.14 10.595 4, 8, 12, 16, 20, 23 
17-20 37.8 
21-23 37.85 

Receive.: 	 f , - f, 19 = ~pproximately 10.6 MHz (fir.st-i-f.) 
t , - - t, = 0.455 MHz (second i-f) /f, 19 

Transmit : f, - f3 = f"ansmo1 
Example for Channel 13 
Receive : 37. 75 - 27.115 = 10.63S MHz (first i-f) 

37 ..75 - 27.115 - 10.18 = 0.455 MHz (second i-f) 
Transmit : 37 .75 - 10.635 = 27.115 MHz (transmitting frequency) 
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TABLE Ill er before the signal is detected. This job 
AM/SSB Crystal Synthesizer 

f , - one of six crystal frequencies near 22 MHz 
f2  one of fou r crystal frequencies near 12.8 MHz 
f

3 
-b.f.o . at 7.8 MHz 

f
4 

- 7.345 MHz 
Receive : 

f , + f2 ~ f,,	 = 7.8 MHz (f irst i-f) 
9 

f , + f2 - f., - f, = 0.455 MHz (second AM i-f)
9 

f , + f2 - f. ,	 - f 3 = voice f requenc ies 
9 

Transmit: f , + f2 - f3 = f,,•••m" 
Example: 

SSB-22 + 12.8 - 27 = 7.8 MHz (f irst i-f) 
7.8 - 7.8 = voice frequencies 

AM -22 + 12.8 - 27 = 7.8 MHz (fi rst i-f) 
22 + 12.8 - 27- 7 .3~5 = 0:455 MHz (second i-f) 

Transmit : 22 + 12.8 - 7.8 = 27 MHz (transmitting frequency) 

1st f r+ f2 - fsroOSCILLATOR SYNTHESIZER 
RECE IVER 2 MIX ER I MIXER 

2nd 
RECEIVER 

MIXER 

AUD IO f4 
OUTPUT 

f 3 o sqrLLATOR OSCILLATOR3 

0.455 MHz 
OSCILL ATOR f f = f 1+ f2 

I 
fr+ f2 

- fs10-f4 

f t•an smit =fr+ f 2 -f3 TRANSMIT 
MIXER 4(BFO) 

Fig. 4. Crystal synthesizer for a 23-channel AM/SSB 

transceiver. Cry stal combinations are given in Table III. 


Another standard 23-channel configu
ration" using 14 crystals is shown in Fig. 
3, but this one provides dual-conversion 
on receive. In this case, the fi rst i-f is at 
approximately 10. 6 MHz, produced by 
heterodyning one out of six high-fre
quency crystals with the received CB 
signal , and extracting the difference fre 

, quency. This i-f is, in turn, mixed with 
one of four lower-frequency crystals to 
produce the second 0.455-MHz i-f. 
Transmit frequencies are generated by 
single-conversion using one of the six 
high crystals and one of the four low 
crystals. The necessary combinations 
are listed in Table II. 

The total number of crystals can be 
reduced to 12, but, unfortunately, reduc
tion in crystal count is offset by the need 
for an extra oscillator and another mixer. 
. Other crystal frequencies can be used 
in these synthesizer sytems as long ·as 
the sum or difference signals provide the 
required i-f or i-f:s as well as the corre
sponding transmit channel frequency. 

Single Sideband. So far, we've con
sidered crystal control and synthesis for 
AM rigs. Now, let's examine what hap
pens in SSB gear. 

Single si.deband is a more efficient 
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method to transmit information .• lnstead 
of sending two mirror image sidebands 
and a carrier, as is done in AM systems, 
SSB signals contain only one sideband 
and no carrier. Eliminating one sideband 
has no effect on the information con
tained in the t9tal signal because both 
contain exactly the same components. 
The carrier, on the other hand, contains 
no information in itself, but it must be 
present in one way or another at the re
ceiver for the extraction of the informa
tion in the sidebands. 

If the carrier is not transmitted, the re
ceiver must re-insert an equivalent carri-

RE~-E":i~'NC E t---_n_n__r

is handled by the beat frequency oscilla
tor, whose output is mixed with the sig
nal (usually after one or more stages of 
conversion) in the product detector. The 
output of the product detector, if the 
b.f.o. is exactly on the proper frequency 
(set by· the clarifier) , is a fair rendition of 
the other operator's voice. 

SSB transceivers require sharp filters 
because the transceiver must ignore the 
other sideband, which is very close to 
the desired one. But since we need a 
nar~ll{ filter anyway, it's usually. not 
worth going to dual conversion. The im
age frequencies are well removed from 
the operating passband of the filter. 
When single conversion is used, the ba
sic 12-crystal synthesizer can be used 
with some modifications. However, this 
works for SSB only. 

Almost all rigs that have SSB provi

.-----... - - - - - - - - - L:W- - - - :_,
OSCILLATOR ....-----.COMPARATOR 

I 
I

c::::::J XTAL I 
I..L 
I 
I 

VCOf N I 
I 
I
L 

sions also include AM, ancj a common 
arrangement used in these dual-mode 
transceivers is shown in Fig. 4. On SSB, 
single conversion to a 7.8-MHz i-f is 
used. Dual conversion is used for AM 
signals, and the first i-f is mixed down to 
0.455 MHz. (See Table Ill.) 

The 23-channel crystal synthesizers 
discussed are being neglected· now in 
favor of phase-locked-'toop (Pll) or digi
tal circu itry that uses far fewet crystals. 
The princi pie is even more important in 
considering the new 40-channel rigs 
where, using crystal synthesizers, addi
tional crystals and more complex switch
ing vrould be needed. 

Digital Synthesizers. Using the so
called digital or PLL synthesizer, a full
coverage transceiver requires only two 
or three crystals and th~ synthesizer it
self only needs one. (The other one or 
two are used in heterodyning stages.) 

A basic synthesizer (Fig. -5) is com
posed of a reference oscillator, a phase
locked loop, a Schmitt trigger, a phase 
comparator, a /ow-pass filter, and an er- ~ 

: .. ~H:~~ 

I 	 P L L 

~~~G~I:: 1--- ---------0 OUTPUT 

Fig. 5. A basic digital frequency synthesizer. Many 
frequencies can be generated using one reference crystal. 

r,~¥~R 	 : 
I 
I 
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I 
I 
I_J 

49 



27,115kHz RECEIVER 
FIRST 
MIXER 

I0,695kHz FIRF 1-F RECEIVER 
SECOND 
MIXER , 

SECOND 1-F 

16,876.888kHz 

(Tl 

(R)-16,420kHz 
(T)-16,876 . 88.B~ Hz 

(Rl-IOkHz 
(T)-9.998156kHz 

ERROR VOLTAGE 

10,238.llZkHz 

(T) 

(R)-IOkHz 
(T)-9.998156kHz 

(R)-10,240kHz 
(T)-I0,238.112kHz 

7.825 MHz C~Y~~~L ___._ f 100CB SIGNAL" 
1-F. OSCILLATOR1sig 

f5 
10 kHz 
REFERENCE11 SIGNAL(19.140-19.430 MHz) 

ERROR VOLTAGE PHASE 
vco COMPARATOR 

'f2 
(18.810 Ml;tz) 

f4 
VCO COMPARISON 
SIGNAL (IO kHz) 

CRYSTAL 
.___ TRA~~:~~TER CRYSTAL OSCILLATOR

OSCILLATOR (BFO) 

f1rans(l1il--•, -- TO 


'Lo-"'.::...-----------------+--- PRODUCT 
ts (7. 825 MHz) DETECTOR 

Fig. 6. A digital (PLL) synthesizer for AM/SSB use. 
\ 

ror amplifier. The reference oscillator is 
a crystal-controlled circuit that produces 
a stable, known frequency which will be 
used as a reference. This phase com
parator samples the frequencies of two 
input signals and pmduces an output 
voltage that is directly proportional to the 
frequency difference of the inputs. The 
low-pass filter smooths this error signal 
into a de level. The voltage-controlled 
oscillator or VCO is an oscillator whose 
output frequency varies directly with the 
level of a control voltage applied to it. 
The Sc,hmitt trigger converts sine waves 
into square waves, and the + N circuit di
vides the frequency, of a:n applied square 
wave by a whole number, N. 

Now that we've defined some essen
·tial terms, let's consider (for simplicity's 
sake) the operation of a synthesizer that 
will generate one of three separate fre
quencies-26, 27, and 28 MHz. 

The reference oscillator produces a 
steady squar-e wave (sketched at its out
put in Fig. 5), whose frequency is gov
erned by a 1-MHz crystal. At the same 
time, the VCO is oscillating at a frequen
cy which we'll assume to be 26.52 fv1Hz. 
We'll further assume that the FREQUEN

CY switch in the +N circuit is set at 26. 
The output of the VCO is "squared up" 
by the. Schmitt trigger, as shown in Fig. 
5, and is divided down to 1 /26th of its 
original frequency by the + N circuit. 
Thus, two signals are applied to the 
phase comparator-one at exactly 
1 MHz and the other at 1.02 MHz. 

The output of the phase comparator 
will be an error volta£je because the ref
erence frequency is lower than that of 
the VCO (after it has been divided 
down). The lowpass filter will sm.ooth out 

I 

this voltage, which is amplified by the er
ror amplifier. The amplified error voltage 
is applied to the VCO, and will cause the 
frequency of the VCO output to de
crease. As the VCO frequency ap
proaches 26 MHz, the output of the + N 

L 
circuit approaches 1 MHz. In turn, the 
error signal ·gets smaller and smaller, 
and eventually disappears when the 
VCO is running at exactly 26 MHz. At 
that point, the frequency at the + N out
put is exactly 1 MHz, and is exactly in 
step with the output of the reference os
cillato~. 

If we then turn the FFEOUENCY switch 
to 27, the VCO momentarily keeps run
ning at 26 MHz. Its 9utput is now divided 
by 27, and the frequen~y applied tot.he 
phase comparator is about 0.98 MHz. 
The resulting error voltage is smoothed, 
amplified," and applied to the VCO, 
whose' frequency moves upward. As it 
approaches 27 MHz, the error signal 
gets smaller and smaller, until the VCO 
i~ running at exactly ~7 MHz.' A similar 

CH .13 

Fig. 7. Digital synthesizer for AM with dual con version on receive. 

chain of events now occurs if the FRE

QUENCY switch is set at 28. 
The enormous advantage of the digi

tal or PLL synthesizer is that we can ob
tain any number of frequencies from the 
circuit merely by changing the frequency 
divider ( + N) circuit. All synthesized fre
quencies are as stable and ;is accurate· . 
as the one reference oscillator. More
over, being digital, it's easy to create 
lighted electronic-generated numerals to 
identify channel numbers. 

Pr~ctical Circuits. A complcle·PLL
synthesis system used in a Z3-channel, 
single-conversion AM/SSS transceiver 
is shown in Fig. 6. The VCO operates in 
the 19.14.0-to-19.430-MHz range to pro
vide a local oscillator signal. This signal · 
is·· heterodyned on receive with the in
coming CB signal, resulting in a i:.825
MHz i-f. The VCO comp'~rison signal is 
obtained by first mixing the VCO output , 
with the 18.810-MHz output of a crystal 
oscillator. Difference frequencies rang- 1 

ing from 330 to 620 kHz appear at the 
output of the synthesizer mixer. This, in 
effect, functions as an automatic pre
div.iding system. 

The difference frequency for a given 
VCO output frequency is then divided by 
the programmable divider. In this stage, 
the amount of frequency'division, rang
ing from + 33 to + 62, is determined by 
the setting of the channel selector. The 
resulting VCO comparison signal , at 
approximately 10 kHz,. is then applied to 
a pha,se comparator, as is a 10-kHz ref
erence signal. This reference is ob
tained by dividing the output of a 1-MHz, '....,_ 
crystal-controlled oscillator by a factor of 
100. The output of the phase compara
tor is an error voltage that shifts the VCO 
output until it is "on channel." ' 

When the channel selector ·is set to 
Channel 13 and the transceiver is in the 
receive mode, an incoming signal at 
27.115 MHz is heterodyned with the 

455kHz 
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VCO's 19.290-MHz output to produce 
the 7.825-MHz i-f. Simultaneously, the 
VCO output is beateq with the 18.810
MHz crystal oscillator output, and a dif
ference signal at 480 kHz is extracted. 
This is divided by a factor of 48 in the 
programmable divider to produce a VGO 
comparison signal at 1OkHz. If the VCO 
drifts slightly, an efror voltage is, pro
duced to correct the frequency shift. On 
transmit, the VCO output at 19.290-MHz 
is heterodyned with a 7.825-MHz crystal 
oscillator output to produce a sum fre- 
quency of 27.115 MHz. This 7 .825-MHz 
crystal oscillator is also used as the bfo 
on receive. 

A PLL synthesizer for a 23-channel 
"AM transceiver with a dual-conver.sion 
receive section (to improve image re
sponse) is shown in Fig. 7. On receive, 
an incoming Channel 13 signal at 
27.115 MHz is heterodyned· with the 
16.420-MHz VCO output to generate a 
10.695-Ml4z first i-f. (The full range of 
the VCO is 16.270 to 16.560 MHz.) The

1 
first i-f is then heterodyned with the out
put of the re'ference oscillator. In the re
ceive mode, this reference signal has a 

frequency of 10.240 MHz. Extracting the 
difference signal results in a 455-kHz 
second i-f. The refer.ence oscillator out- ' 
put is divided by a factor of 1024 and ap
plied to the phase comparator at a fre
quency of 10 kHz on receive. Af the 
same time, the VCO output is divided by 
a factor of 1642, and the resulting 10
kHz signal is applied to he phase com-. 
parator. For 23-channer receive cover
age, the dividing factor is varied from 
1627 to 16.56. 

On transmit, the VCO and reference 
oscillator outputs are heterodyned by 
the transmitter mixer, and the sum fre
quency is extracted. For this sum signal 
to be at the center frequency of Channel 
1G, the VCO output frequency must be 
increased 455 kHz, the i-f frequency. 
However, there is no integer that, when 
divided into the new VCO frequency, will 
result in a quotient of exactly 10 kHz. 

The foregoing problem is solved by 
shifting the reference oscillator output 
downward by 1.888 kHz to 10.2381 12 
MHz. Dividing this new reference by 
1024 results in an output at 9.998156 
kHz. Then, by increasing the new VCO 

frequency slightly (from 1.861, to 1.91 4 

kHz, depending on the setting of the 


· channel selector), and by programming 

the divider for a factor in the 1646-1702 

range, the VCO comparison signal will 

also be 9.998156 kHz. The feedback ar

rangement of the PLL wil i' keep the VCO 

and the sum of the VCO and the refer
ence close to their ideal values. 

The basic 23-channel PLL system is 
the obvi9us system used in the new 40
channel rigs. The only real modifications 
required are expansion of the pro
grammable divider and the· use of a 
VCO with wider range. Fortunately, 
these are readily accomplished, and 
some manufacturers are even offering 
to modify their existing 23-channel "digi
_tal" rigs for full 40-channel poverage. 

Ttie most exciting development in PLL 
synthesis is the development of LSI sys
tems. That is, the production of com
plete PLL synthesizer circuitry in one'Or 
two large scale integrated circuits, re
quiring few additional external compo
nents.· This methodology is clearly the 
wave of the future for generating fre
quencies for CB. ' 0 

WILL SUNSPOTS AFFECT· . . 

,ce COMMUNICATIONS? 
'Sunspots, the ionosphere, and CB propagation prospects. , 

BY STANLEY LEINWOLL 

Last summer, many CB newcomers 
were startled \\'.hen, without warn


ing, they heard signals coming in from 

great distances, in some cases, from as 

far as 1000 miles . Then , late in August, 

the phenomenon stopped as abruptly as 

it had begun\ 


The phenomenon observed was, of 
course, skip. It occurs when conditions 
are such that ' signals .are propagated 
over distances far greater 'than their nor
mal range.·To those CB'ers who use the 
band for short-range two-way communi
cations in accordance with FCC rules 
(1 50-mile maximum), skip can be a nui- . 
sance if it increases channel crowding. 
For some, skip is exciting and fascinat
ing (but illegal). Although the rash of 
summer skip .was .short-lived, a new fac
tor is coming into play that will likely in
crease its frequency_!_sunspots. Some 
people knowledgeable in the field of ra
dio propagation are predicting that, in a 
few years, coast-to-coast skip will occur 
regularly. This, they assert, will·cause a The sun exhibits high sunspot activity on June 24, 1957 (U.S. Nav y photo). 
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tron is called an ion . Actually, the free "traffic jam" on the Citizens Band. Oth In addition to height above ground, at
mospheric effect~ sometimes influence electrons in the ionosp~ere are responers, however, including Eugene Parker, 1 

Chairman of the University of Chicago's line-of-sight range, but these are not as sible for the propagation of radio waves 

Department of Astronomy and Astrophy significant as antenna elevation. The over long distances. A radio wave en
tering the ionosphere causes the free sics, and originator of the concept of the space wave. always travels relatively 
elect'rons to vibrate. Each oscillating"solar wind," feel·that no serious disrup short distances-rarely more than 25 to 

tion of the Citizens Radio Service will 30 miles. Its most desirable characteris electron acts like a tiny antenna, and re

take place. tic is that its range does not change radi radiates energy. 

To fully understand the propagation cally from night to day, from one season Ionization, and hence, free electrons, 

to the next, or from year to year. concentrate at different altitudes beevents that took place last summer, why 
cause ultraviolet radiation occurs over a the same conditions will recur this sum
relatively wide range of frequencies, and mer' and what the outlook f(i)r the 11- The ·Sky Wave and the lono· 
these penetrate to different levels. Bemeter band might be for coming years, sphere. Figure 1 reveals a third com


let's discuss the fundamentals of radio ponent of the radiated signal, one which cause the gases in the upper atmo


propagation at CB frequencies. travels upward toward· outer spp.ce. Jhe sphere responp to variou~ wavelengths 


signal is shown striking a region in the in the ultraviolet range, there is a ten
How a Radio Signal Travels. upper atmosphere and being re.turned to dency for free electrons to concentrate 

Wilen a radio wave leaves a transmitting earth some distance from the transmit into stratified layers, or regions. The 
antenna, it travels outward in all direc ter. If it were not for this atmospheric re  most importa,nt layers of the ionosphere 
tions and moves simultaneously along gion, called the ionosphere, most long in terms of propc;igation of radio waves 
the ground and through space. The distance, high-frequency communica --are the E and the Flayers. 

, component that travels along the ground tion .woul.d ·be impossible, and there The E layer exists primarily during the 
remains in contact with the earth until it would be no s,uch thing as Citizens Band - day at an altitude of-about 60 miles (96.6 
dies out. The effect of the earth on this OX. km) . During the daylight hours of the 
ground wave signal is much like that of - ' The ionosphere is an electrified region summer months, the E layer can reflect 
frictiorf on a rolling ball . The loss of ener which begins at an altitude of about 60 11 -meter signals up to distances of 
gy to friction slows the ball doym and fi- miles (97 km) and extends several hun about 1000 miles (1610 km) . This effect, 
nally brings it to a complete halt. . _ dred miles up. It has the ability to reflect which is sporadic· in nature, is one of the 

Although radio· waves do not slow radio signals in the frequency range be- most impo1ant means of propagating 
down (they travel at the speed of light in signals on the Citizens Band. 
a given medium), their amr:>litudes or 
field strengths rapidly diminish as they Sporadic·E Propagation. Some
move along the ground. How great the times, at the lower limits of the E layer 
attenuation is for a specified, distance dense clouds or patches of electrons are 
depend~ on the type of ground over created. They are able to reflect fre
which the signal passes. In general, flat quencies much higher than normal. 

1 

or smooth earth extracts less energy These clo.uds are random in nature and 
than rough or hilly terrain, and moist or relatively short liv~d. lasting no more 
rich soil attenuates less than dry, sandy, than several hours. Accordingly, they 
or rocky earth. In general, 11-meter are called sporadic-E or Es clouds . Be
ground wave signals do not travel more cause. of the high electron density in 1Es 
than five or ten miles before they are patches, they are of,ten capable of pro
"exhausted." pagating ·11 mete.r signals. ' 

Since the height of Es is ' about 60 
The Space Wave. There is another miles (96.6 km) , the distance to which 
path that signals take upon leaving the an Es propagated signal ' can travel is 
antenna. It is ,a straight line through the limited to approximately 1000 miles 
·lower atmosphere. This direct or space Fig. 1. S ky waves can be refi ected (1610 km). For this reason, Es openings 
wave pro~agates directly from the trans by the E (short skip) or F (lon g are usually referred to as! short-skip 
mitting antenna to the receiving antenna skip) regions of ionosphere. propagation, as opposed to long skip, in 
if. the two are within sight of each other. which propagation takes place via the 
This mode of transmission is also called tween about 2 and 30 MHz and return higher Flayers . 
line of sight. Obviously, the higher above them to earth. The radio signal that trav Es activity varies with the time of the 
ground the antennas are, the greater the els to the ionosphere and returns to day and season ·of the year. It is most 
distance covered. For example, tt)e tele- earth is called the sky wavl From here common from late spring to mid-August. 

, vision antennas atop the l;:mpire State on, our discussion will deal solely with There is a secondary peak during the 
Building in New York City are mounted sky-wave signals and how they depend winter months, but it is not as intense as 
at heights exceeding 1 ,000 feet and pro on the ionosphere for propagation over summer activity. Es occurs most fre
vide line-of-sight coverage for more than long distances. - quently during the daylight hour's, peak
50 miles in all directions fro_m the city. In The ionosphere is formed primarily by ing in the early afternoon. This past 
contrast, the line-of-sight distance for ultraviolet and X-radiation from the sun, summer Es was also common during the 
antenna heights of ten feet is about which interacts with the gases in the up eyening hours. 
three miles. If both antennas are raised per atmosphere. In the process, s·ome of Es activity also varies with latitude. 
to 50 feet above the ground, coverage is the gas atoms· lose one or more elec The further south we go, the more in

-extended to 18 miles. , ·i I '' trons. A gas atom that has lost an elec- tense and f_requent sporadic-E openings 
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PREDICTED AND OBSERVED SUNSPOT NUMBERS 

Fig. 2. Predicted and.observed sunspot counts for 
the mean of cycles 8-19 and fo r the one now ending (20). 

become. Consequently, circuits across 
the southern United States observe this 
effect more frequently than those in 
more northerly latitudes. 

The mechanism that produces Es is 
not clearly understood. However, a rela
lively recent theory of an Australian 
scientist, Dr. J. D. Whit~head, appears 
to have gained wide acceptance . Dr. 
Whitehead explains Es as due to wind 
shears-a transient upper atmosphere 
condition in which the wind velocity at E-
layer altitudes is zero, while wind velocit
ies immediately above and below ap
proach 200 miles per hour and are in op
posite directions. When this happens, 
free electrons are pulled from above and 
below into the zero-velocity region , re-
suiting in Es clouds. Dr. Whitehead's 
theory, which also involves the action of 
the Earth's magnetic field, explains the 
seasonal nature of Es, as well as its vari
ation with latitude. 

Long·Term Outlook-The F Lay· 
er. The action of Es explains the occur
rence of CB DX during the summer 
months. What happens during the rest 
of the year is dependent on events that 
take place in another part of the ionos
phere, collectively referred to as the F 
layer. ' ; 

The Flayer is more important than the 
E layer because it is always present, day 
and night, season after season. It makes 
long-distance, shortwave communica) tion possible. Because the 11-meter 
band is at the upper end of the short 

) wave or high-frequency part of the spec
trum, it has a strong influence over CB 
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DX propagation . To understand the role 
of the F layer in CB propagation, let's 
briefly discuss how it changes on a dai ly 
and a seasonal bas.is. 

The intensity of ultra-violet radiation 
reaching the F region of the ionosphere 
is subject to considerable variation. It 
changes from day to night, from season 
to season, and between one point on the 
surface of the earth to another. In addi
tion, there are year-to-year changes 
which occur over an eleven-year cycle. 
These latter changes depend on su11
spots, which emit ultraviolet radiation. 
Some years, there are many more sun
spots than in others. Consequently, ra
diation from the sun is greater during 
those years . The ionosphere can then 
reflect higher frequencies than when ra
diation is at relatively low levels. Let's go 
into these variations in greater detail: 

• Diurnal Variations. During the day 
radiation from the sun is most intense. 
As a result, ionization is at a maximum, 
and the frequencies that the F region 
can reflect are higher during the day 
than at night. At night, in the absence of 
direct radiation from the sun, ions and 
free electrons begin to recombine, and 
the region becomes less electrified and 
less dense. Consequently, it loses its 
ability to reflect frequencies at the high 
end of the shortwave spectrum. As a re
sult, CB DX is almost never possible via 
the F region during nighttime hours. 

• Seasonal Variations. It is obvious 
that the more hours of daylight there are 
in a day, the longer high frequencies will 
be fi>ropagated by the ionosphere. Dur
ing the daylight hours, theref0re, higher 

· frequencies are reflected by the ionos
phere in Wintertime than those reflected 
in the summer. 

• Geographical Variations. As we 
move towards the equator, the sun is 
more directly overhead for longer peri
ods. Because the effect of radiation on 
the ionosphere also depends on the an
gle of incidence of this radiation , it is evi
dent that the cl.oser to the equator we 
are , the higher the frequencies we can 
expect to use. 

The Sunspot Cycle. If diurnal, sea
sonal, and geographical variations were 
the only factors affecting ionization lev
els, then the same conditions would pre
vail from one year to the next at the 
same geographical location, and the 
pattern of usable frequencies over a par
ticular circuit would be a simple matter to 
predict. Unfortunately, that is not the 
case . . 

One of the most important factors in
fluencing the behavior of the ionosphere 
is sunspot activity. Sunspots are enor
mous craters of hot, whirl ing gases on 
the surface of the sun. Although the na
ture and origin of sunspots are not fully 
understood, it is known that they are one 
of the principal sources of ultraviolet ra
diation from the sun . Because ultraviolet 
radiation affects the ionosphere, the im
portance of sunspots i$ clear. Sunspots, 
which are imbedded in the sun, move 
across its face in an east to west direc
tion as the sun rotates. It takes a spot 
approximately 13 days to move across 
the visible face of the sun. That's about 
half of the solar period of rotation. 

In the middle of the 18th Century, ac
curate records of sunspots were initiat
ed. It was observed that sunspot 
changes occurred in a regular manner. 
In Fig. 2, the solid line also shows the 
average of all cycles observed since the 
middle of the 19th Century. It can be 
seen that a sunspot cycle goes from 
minimum to maximum and back to mini
mum in approximately eleven years. But 
the cycle is not symmetrical. It takes 3 to 
4 years to go from minimum to max
imum, and about 7 years to go from 
maximum to minimum. It should be not
ed, however, that some cycles have 
been as short as nine years while others 
have been 13 years long. 

Figures 3 and 4 illustrate the impor
tance of sunspot activity on CB propaga
tion. These figures show the predicted 
range of frequencies useful for com
munications between the East and West 
Coasts of the U.S. for the present and 
several years hence, when sunspot ac
tivi ty will have increased to the point 
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where CB signals· will propagate more winter of 1979-80 (Figure 3) we can see 
regularly via the ionosphere. For the that coast-to-coast reception will be a 

II 
METERS 

GREENW I CH MEAN T IME (GMT) ' 

Fig. 4. Same as Fig. 3 foi;spring and fall. In bqth cases, 
dashed lines indicate ,currently useful frequencies . . ' 

possibility between the hours of 1500 
and 0030 GMT or 10 a.m. to 7:30 p.m. 
EST. For the spring and autumn months 
(Figure 4), coasHo-q~ast reception of 
CB signals will at least be possible from \ 
1400 to 0130 GMT, or 9 a.m. to !}:30 

. p.m. EST. In contrast, the currently use
ful frequencies (shown by the dashed 
line) indicate that no CB DX reception 
will be generally achievable\..at .any time 
of day. 

·The upper limit of frequencies the , 
ionosphere will reflect even duriqg max
imum sunspot activity also depends bn 
the distance between the transmitter 
and the receiver. At periods _f>f high sun

. spot activity, .some DX- might occur 
around midday for distances of about 
1000 miles and beyond. The further the 
~eparation, the longer the operiing. 

Once the openings start occurring, 
how long will they last.? Well , a look back 
at Figure 2 indicates that :about half the 
cycle registers numbers of 90 or more. It 
is at' that cutoff point that ionization is 
high enough to give more regular . CB 
openingJ. We can therefore predict at 
this time that 1979 and a few later yea'rs 
should see more'CB DX openings than 
at present, although intensity is specula- . 
tive since the sunspots are not on a true 
regular cycle. Wher:i the foregoing sun
spot peak occurs, it may be a temporary 
nuisance to some CB'ers and a listeni"ng 
bonanza for others. The difference de
perds on.when the peak really occurs 
and t~e extent of the sunspot buildup. In 
any event, don't worry about it becau.se 
it pannot be ,controlled and it will pass 
soon enough. o 

· . J;~CV~E\~~~§ CAN 

·IMPROVE MOBILE 


Ii 

-- CB PERFORMANCE 

r 

0 F ALL the accessories currently 
available for use with mobile CB · 

transceivers, the external spea~er is 
perhaps the one most often overlooked. 
However, the addition of such a speaker 
can often dramatically increase the re
ception by improving voipe intelligibility. 

A speaker, 'f'hether it is , inside th_e 
transceiver cabinet ot outside, converts 
the received and detected r-f signals into 
an intelligible replica of the other opera
tor's voice. It must do so without intre

' ducing an appreciable amount of distor
tion, and should respond only to those 
frequencies which convey useful infor
mation. Let's consider the practicalities 
of CB speaker performance by evaluat
ing a number of influential factors
starting with ttie ~uman voice itself. 

• 
1 Speech Characteristics. Four ba

BY STEPHEN R. DAVIS sic qualities denot7 human speech: am-

POPULAffELECTRONICS 
.... 

54 

http:becau.se
http:achievable\..at


plitude or intensity, frequency, harmonic 
content and time functions. The corre
sp·onding aural characteristics are loud

,ness, pitch, tonal . quality, an.d time per
ceptior:i or speed of sound production. 

Speech is by no means constant in in
tensity. Some sounds are accented and 
loud, others are soft. The wide dynamic 
range of · speech places special de
mands on the hardware in a voice com
munications link. Soft sounds, such as 
consonents, are much more likely to be 
washed out by ambient noise than vow
els. But voice articulation, and hence in
telligibility, is greatly dependent on the 
clear reproduction of consonants. 

Male voices generally occupy the 
bandwidth shown in Fig . 1. The range of 
generated frequencies is about 300 to 
6000 Hz. Vowel sounds are iound from 
about 300 to 1000 Hz, and average 
about 20 .dB above consonants, which 
are found from 1000 to 6000 Hz. This 
fnakes conso~ants much more vulner
able to noise than vowels, and t hat's 
why radio operators are often forced to 
resort to phonetics such as Bravo, Delta, 
and Tango to diistinguish b, d, and t. 
Also, some communications gear in
cludes special signal-processing circuit
1ry to reduce the consonant-masking ef
fects of high-frequency rioise. 

Another factor influencing intelligibil ity 
is the rate of speeph. Many listeners 
tend to miss key words in radio broad 
casts when the announcer is averaging 
a snappy 200 words per minute. How
ever, the 100-word-per-minute delivery 
by FranklinD: Roosevelt allowed an en
tire nation to absorb an·d reftect upon his 
famous "fireside chats." Among the time 
elements at work here are the lengths of 

· individual sounds, the ratio of speech 
elements to pauses, and the rate at 
which complete words are spoken. 

The Human Ear. For true communi
cation, there must pe a speaker and a 
listener, whether they are standing face 
to face or separated geographically but 
linked by a telecommunications net
work. In the latter case, the link hard
ware must be designed to work not only 
with the human voice, but also with the 
human ear. 
, The ear will accept a wider range of 
both sound amplitudes and frequencies 
than the voice is capable of producing. 
From the threshold of hearing--0 dB, or 
0.0002 dynes/cm2-it can tolerate in
puts up to three trillion times greater. 

• The average range 	of frequencies the 
ear cafl detect is from 20 to 15,0,00 Hz. 

50 100 500 IK 5K IOK 

FREQUENCY (Hz) 

Fig. 1. Bandwidth of the average male voice. 

Fletcher-Munson curves. Hearing is 
keenest over the 1 000-to-5000-Hz seg
ment. That's where the consonants are. 

There are, however, some practical 
difficulties which result from the ear's rE)
sponse. Under certain circumstances, 
the ear will fai l to distinguish one sounc:j 
from another. This is called the masking 
effect, and is expressed as the increase 
(in dB) in the threshold of audibility of 
one sound when "masking" noise is in
troduced. It is shown graphically in Fig. 
2, which indic?tes that it is harder to 
hear bass and treble sounds in a noisy 
environment than those in the midrange; 
Also, the graph shows that consonant 

sounds are more readily masked than 
vowels. 

Environment. In addition to the mask
ing effect, a host of other environmental_ 
factors influence intelligibility. Absorp
tion of high-frequency sounds can fur
then diminish consonant strength. Such 
absorption often occurs-in a mobile envi
ronment when the sound does not travel 
directly from transducer to listener, but 
rather is reflected by soft surfaces. Car- . 
peting and upholstery are. the prime of
fenders. However, if a reflecting bound
ary is hard, annoying reverberations.can 
result. In the absence of reflections and 

However, its response depends oh am Fig. 2. When noise is present, desfred soun d 
plitude, as demonstrated by the famous must be increased in volume to prese:rve intelligi bi li ty . 

MARCH 1977 . 55 



,. 

...... 

1·; 

' 

/ 
/ /

I I 

:,.z ! 

·· i 
\ , 

.... -, ' ~ ~~ . 
\ \'. 

\\ 
' 

/ • ' 1
I 

,. -... \_.,, 
' ' 

EXT ERNA L SPEAKER-J './' 

, ·, \~TRANSCE I VER SPEAKER 
I I • I I I ' 

10 20 50 
/ l. 

100 

, 
I. 

200 50 0 IK 
FREQUENCY {Hz) 

' ' ' 2K 5K IOK 
\. 

20K 

Photo shows external speake~· in typical under-dash position. 

reverberation, sound levels diminish in 
direct proportion to the distance be
tween the sound source and the listener. 
Of course, there may be sound sources 
present whose outputs are either above 
or below the bandwidth of the voice. If 
their levels are appreciable, intelligibility 
is adversely affected. 

Hardware Considerations. Thus 
far we have considered the roles played . 
by the 'human ear, voice, ai:id the inter
vening environment. Now let's see how 
the communications gear itself affects 
the situation. 

Properly designed voice communica
tions systems should have an audio fre
quency response-both at the transmit

/ 
ter and rei:;eiver-which is best for those 
frequencies carrying the desired infor
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communications speaker (solid) in aneclioic chambe1·. 

IOK 20K, 

mation. Conversely, they should ignore 
all sounds outside the useful bandwidth. 
In the course of modulation, transmis
sion, reception, and demodulation, a 
minimum of electrical noise should be 
introduced. 

To best illustrate the effects dis
cussed, let's consider a communications 
system with which we are all familiar
the mobile CB installation. The mobile 
environment of a car, van or truck gener
ates ambient noise in the 200-to-500-Hz 
range. High frequencies are attenuated 
by padding, carpeting, etc. Wideband 
(wind) noise can be considerable at 
highway s.peeds. (::lectrical noise 9an be 
suppressed if care is taken in grounding 
all parts of the vehicle body and chassis, 
and by shielding the ignition system if 
necessary. Given the sophisticated cir
cuitry of today's CB transceivers, un
wanted noise generated by the rigs 
themselves can be neglected. 

90 

85 

...J 75 
w 
> w 
...J 70 
w 

, 	 a: 
~ 65 
U) 
w 
a: 
a. 60 
0 
z 
6 55 
U) 

50 

45 

Fig. 4. Frequency response of inter1nal (das hed) and ex ternal speaker 
(solid), both as mounted in typi cal mobile installation. 

The major weak point in most rigs is 
the internal speaker. For' one, its fre
quency response is µsually far from 
ideal. For example, the dashed curve in 
Fig. 3 shows the frequency response of 
a typical transceiver with an internal 
speaker, as measured in an anechoic 
chamber using a microphone placed· 
one meter in front of the speaker. 

This transceiver was then mounted 
under the dash of a standard size Ameri
can automobile and its frequency re
sponse measured with the microphone 
positioned to coincide with the average 
listener's ear. The resulting response is 
shown as the dashed curve in Fig. 4. 1 

Obviously, the automotive environ
ment had a marked influence on the 
overall response. Because the trans
ceiver's speaker is mounted on the un
derside of the enclosure, it was pointing 

·directly towards the floor. Also, the mi-
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crophone was about 120 degrees off the 
front axis of the speaker, and most of the 
sound reaching it was reflected by the 
carpeting and upholstery. Predictably, 
poor high-frequency performance was 
observed. 

A dramatically different result w·as ob
tained with an external speaker de
signed for voice communications. First, 
a frequency response test was per
formed in an anechoic chamber. The 
solid curve in Fig. 3 is the result of this 
test. Then the speaker was mounted in 
the automobile so that its front axis of ra
diation was facing the listener (micro
phone). Again, its frequency response 

was measured, and appears as the solid 
curve in Fig. 4. The frequency response 
of the external speaker was broader and 
more uniform over those frequencies es
sential to voice intelligibility. 

This can be explained by considering 
three factors. First, the external speaker 
has an inherently better frequency re" 
sponse, as indicated by the anechoic 
chamber tests. Second, the micro
phone-positioned at the location of the 
typical listener's ear-was on axis with 
the front of the external speaker. There
fore, it received the maximum portion of 
the high-frequency energies radiated by 
the speaker. Finally, because most of 

the sound incident upon the microphone 
was directly radiated by the speaker, 
there was minimal alteration of the audio 
output signal by environmental charac
teristics of the car's interior. 

In other words, the external speaker 
performed comparably in both the artifi
cial and natural environments, but the 
transceiver's internal speaker showed a 
marked degradation in performance in 
the car as compared to its anechoic per
formance. Of course, the optimum posi
tion for an external speaker would be 
atop the dashboard of an automobile. 
But this is not always advisable since it 
could obstruct the driver's vision. O 

BUILD A 

SILENCER 

Squelches operating radio 
or tape player 
when CB signal begins. 

BY RONALD MILES 

Photo of prototype shows main circuit board mounted in 
chassis with relay in back corner, controls on front . 

MANY CB'ers are torn between lis
tening to an auto AM/FM radio or 

tape player and monitoring CB calls. 
With both active, the sound is cacopho
nous when the CB receiver un
squelches. The user can manually turn 
down the volume of the broadcast radio 
or tape player every time the CB be
comes active, of course, undermining 
driving safety. 

A CB'er can have his cake and eat it 
too, however, by using the "Silencer" 
described in this article. It will automati
cally quiet the radio or tape player when 
the CB receiver is unsquelched or the 
CB transmitter is used. The entertain
ment system will remain silent until 
either· the CB receiver returns to the 
squelched state or the CB transmitter is 
no longer in use. At this point, the enter
tainment system returns to its normal 
volume. No major char.ges to either the 
CB transceiver, AM/FM radio, or tape 
player are required. 

AlthoLgh designed for mobile applica
tions, the Silencer can also be used with 
any receiver that has a squelch. For ex
ample, one can have a scanning monitor 
operating in the same room as a stereo 
music system; and each time the scan
ner stops at a station (becomes un
squelched) , the audio system will be si
lenced until the vhf conversation is end
ed and the scanner resumes its normal 
scanning mode. 

The only conditions required are that 
both radios should have speaker imped
ances of about 8 ohms; the audio power 
output should not exceed about 5 watts; 
the r-f power from the CB rig must not 
exceed FCC specs; a]ld the vehicle 
(where used) must have a negative
ground electrical system. 

\ 

How It Works. The complete sche
matic. is shown in Fig. 1. Audio voltage 

MARCH 1977 
57 



RIA 
25fi 

OPT 
SPKR 

R2 
2~n 

-'  C2 
.0'05µF 

Rl 2 
IOK 

IOK 

R3 
56K C5 

.005µF 

RF MODULE

CB A~~.;.;-;_~,: - - ------, r. 22pF ~ci~ 
I 
I 01 

L-

Pl 

06 fjB Olµ F

T 
el~ 

I 

0 7 

R7 
IOK 

C7 
IOOµF 

' \ 

,. 

Fig'. 1. Schemati~ 
of the Silencer. 
Circuit o.f the r-f 
module is at ·u:pper ?·ight. 

PARTS LIST ..:..R.f MODULE 
"- Cl7- 22-pF, 100-V mica capaci tor 

ClS--0,005-µF. 100-V cerami~ capacitor 
07- high-speed silicori diode lOl,'l mA a l 100 

V (ECG 177) 
J2-S0-239 coaxial cable connector 
Pl- phono connector to mate with J 1 and suit 

able length of shielded audio cable 
P2- PL-239 coaxial connector with suitable 

Jeng1h of RG-58/U coaxial cable 
R13- 10,000-ohm, \&wall resi stor 
Misc.-Suitable chassis for Silencer (La

fayeue 12R03017V or similar), r-f nwdule 
(Calcctro H4-736 or similar), knob, L
brackets (2), press-pn type , relay mounting 
bracket , terminal strip (three-,lug), mo11nting 
hardware , spacers, grommets. etc. 

from the CB remote speaker output is 
connected to pads A and A' so that R2 
becomes the load fbr the output trans
former. The audio voltage generated 
across R2 is applied to the primary of 
transformer T1 , whose turns ratio pro
vides a voltage step-up of five times, be
sides providing de isolation. 

The audio voltage on the secondary of 
T1 is applied to IC1 used as a com para- / 
tor. The voltage divider combination of 

I 
58 

PARTS LIST-BASIC SILENCER 

C'l .C2 ,C4 ,C5 .C6,C8 ,Cl2--0.005-µ.F , 100-V 
ceramic capacit9r 

C3-5-µ.F . 25-V electrolytic capacitor (axial 
lead) 

C7- 100-µ.F , 25-V electrolytic capac itor (axi 
al lead) 

C9.Cl 3- 10-µ.F . 25-V electrolytic capacitor 
(axial lead) 

C l0--0 .22-µ.F , 100-V capacitor 
Cl 1--2-µ.F , 35-V electrolytic capacitor (axial .' 

lead) 
C l4-0.1-µF , 50-V ceramic capacitor 
Cl5 ,Cl6--0.0l -µ.F , 100-V ceramic capacitor 
D 1 through 05--high-spced silicon diode , 

100 mA at (OO V 
D6-silicon rectifier diode I 00 V at I A 
Fl - I-A fu se with in-line holder (Radio Shack 

2704 281 or similar) 

Jl- ri-V, 50-mA panel lamp (Radio Shack 


272-324 or similar) 

lC) - 741 op amp 

IC2- 555 timer 


RS, potentiometer R4, and resistor R3 
produces a de voltage (variable with the 
setting of R4) between the inverting and 
noninverting inputs of /C1 and this volt
age is adjusted so that low-level ac sig
nals will not cause the comparator to 
,change states. 

When audio of sufficient amplitude is ' 
generated across the secondary of T1 , 
parts of its cycle will cancel out the de 
voltage developed across the potenti-

J I ·hass is mounted phono connector 
Kl --12-voll, 100-mA coi l, 1-A contact rat

ing . Monaural: dpdt (Radio Shack 275-206 
or similar) ; stereo :3pdt (Allied 88601053 or 
simi lar) 

Q1--2N364 I npn silicon transistor 
RI .R2- 25-ohm. 5-watt resistor 
RI A- same as RI , used in stereo version only 
R3,RS- 56.000-ohm, 'h.-watt resistor 
R4--IOOO-ohm miniature potentiome,ter, 
R6- 2700-ohm , !h-watt resistor 
R?--10.000-ohm . Y2-watt resistor 
RS- 15.000-ohm. !h-watt resistor 
R9- 39.000-ohn1, !h-watt resistor 
R10--10-lihm , 16-walt resistor - I 
R 11 - 270,000-ohm, Y.z-watt resistor 
R12- 10,000-ohm, 1h -watt resistor 
S 1--mini;uure rotary switch, 4-position, 3

pole (Calectro E2- I 66 or similar) 
· Tl--10k :2k miniature driver transfonner (Ra

dio Shack 273- 1378 , Calectro Dl -722. or 
similar) 

ometer and the comparator wilt switch 
state with eaeh cycle, thus acting as a 
very-bigh-gain ac afnplifier whenever 
-high-level audio comes in. Thus, /C-1 will 
produce an output only when the CB re
ceiver is unsquelched. 

The pulsed output fr0m /C1 is coupled 
through capacitor C10 to a rectifier con
sisting of 04, 0 5, C11, and voltage di
vider R7 and RB. When the positive volt

. ' I l 

age across RB exceeds one diode drop, 
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transistor 01 is turned on and essential
ly forms a· short circuit across the IC2 
timing-«apacitor C13. · 

Integrated circuit IC2 is set up as a 
timer whose RC circuit'Consists of C13, 
R9, and, when function switch St is in 
the SLOW DELAY position, Rt 1. In the 
normal mode, IC2 pin 3 is low, and no 
power is supplied to the cs ACTIVE lamp 
It . When transistor Ot saturates, /C2 
starts its timing cycle, and if St is in 
either the FAST DELAY or SLOW DELAY 

positions, relay Kt is energized to switch 
the CB audio output to the speaker, and 
at the same time, disconnect the broad
cast radio or tape player speaker. When 
the CB audio ceases, /Ct no longer de
livers voltage to the rectifier, and transis
tor Ot cuts off. Then IC2 starts its timing 
cycle to cause Kt to change states . The 
delay keeps the relay' from "chattering" 
during any pause between words, and 
also keeps the broadcast radio from be
coming active for a short period of time 
after a transmission is received, and the 
transmitter is activated in reply. Function 
switch St provides a selection of fast or 
slow delays. 

We have described how the broad
cast radio or tape player is de-activated 
and the CB speaker comes alive when 
the CB receiver is unsquelc:;hed . Now we 
will discuss the r-f module that detects 
the operation of the CB transmitter and 
does the same switching. 

As shown in Fig. 1, the separate r-f 
module is connected in series with the 
CB antenna and is "transparent" during 
CB reception . When the transmitter is 
activated, some of the r-f is rectified by 
07 and filtered by Rt3 and C18, and the 

1resulting de voltage is passed via a 
length of shielded audio cable to the 
base of transistor Ot, in parallel with the 
audio signal path from /Ct . The pres
ence of the rectified r-f voltage starts the 
timer up in the same way as for the au-

T o

15 ••----RI----·· ••-'----RIA ___... 

• 
( 

I- 7--4T 
A 
T 

i 
14 -2 

T T 
Cl4 I

C7l 
R2 

11 .... 


9..
~L t 
16 

~T • • r 
T C3Tl 

C2 
• Cl 

1 

13~ c:JTr 
12 

8 

9--RIO- ~ 

-Ra--

Fig. 2. Etching and drilling guide (top) and component 
layout for Sil encer does not include r-f module components. 

dio signal. If you do not use a CB trans
ceiver, the r-f module may be omitted. 

Construction. The Silencer consists 
of two assemblies-the basic electron
ics and the optional r-f module. 

The basic electronics circuit has two 
variations. If the radio to be silenced is 
monaural, then resistor RtA can be 
eliminated and for relay K1 use a dou
ble-pole, double-throw type. If you wish 
to silence a stereo system, then install 
RtA and use a 3-pole, double-throw re
lay for Kt. 

The basic electronics is assembled on _Components for the .r~f module are assembled in their own 
a pc board such as that·shown in Fig. 2, meta.l enclosure and suitably connected to the 'rest of the circui t. 
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COAX 

EXT SPKR 
CONNECTOR 

' \ 

(Al 

the radio audio output and speakerTO CB 

ANTENNA 
 leads as shown in Fig. 3A. If you are go

ing to silence a stereo system (radio or 
tape player) , then use the circuit shown 
in Fig. 3B. (In the case of stereo, don't 
forget RtA and the relay.) · 

The stereo system usually has four 
wires that connect to the two speakers. 
Use an ohmmeter to determine which 
pair is connected together within th'e 
stereo system (share a common, usually 
ground, connection), then follow the wir
ing of Fig . 38. 

Initial Adjustment. With the ·Silenc
er connected to the CB system as 
shown in Fig. 3, turn off the AM/FM ra

A
1 

C c' 0 

o' __,..........\ 

B -----
e' 

R 
SPKR I...___ 

STEREO 
SPKR 

L 
SYSTEM dio, set 'the Silencer function switch (S 1) 

• to the CB ONLv-OFF position, and sensi..I 
I 

I 
 tivity control R4 to its maximum re
I sistance (minimum sensitivity) position. 

Turn on the CB and set the squelch ' 
completely off. Temporarily disconnect 

INTERNAL the CB antenna from the r-f module, and 
adjust the CB volume so that a faint 
"hiss" is heard a couple of feet from the 
speaker. Without touching the CB, place 

(Bl the Silencer function switch to the FAST 

DELAY position, and note that after sev

CONNECTION 

eral seconds the speaker is silent. 
or tape deck , use set up at (A). For a stereo system , use (B). Using an insulated screwdriver, rotate 

R4 very slowly from its maximum re
sistance until the front-panel CB ACTIVE . 

which also illustrates component instal 2Ys" by 2" by 1 ~" metal enclosure. A lamp comes on and the hiss is again 
lation. Note that some resistors and ca three-lug terminal strip is used to sup heard. Reconnect CB antenna, locate 
pacitors are mounted vertically because port the components, while connector J2 an unused CB channel , and normally 
of the narrow pad spacing, and that (op is mounted on one wall. A length of squelch the receiver. Key the transmitter 
tional) sockets are used fbr the two IC's. RG-58/U coaxial cable terminated in a and note that the CB ACTIVE lamp comes 
There must be a hole directly under the suitable connector for the antenna out on and stays on as long as the transmit
center of potentiometer R4 so that this put of the CB transceiver, is passed ter is keyed.. Release the transmitter 

Fig. 3. To use the Silencer with a CB rig and monaura l radio 

•control can be adjusted through a mat	 through a grommetted hole opposite J2, switch, and after a few seconds the CB 

ing hole in the bottom of the chassis. If with the coax braid connected to the ACTIVE lamp should extinguish. 
you elect to use perforated board and grounding lug of J2, and to the metal Turn on the AM/FM radio ;and note 
either a wiring pencil or wire-wrap, try to chassis. The de output of the r-f module that its output is heard in the speaker 
keep the component installation similar is passed out of the metal chassis whenever the CB is squelched, provid
to that shown in Fig: 2 to minimize stray through its own coaxial audio cable'that ing the transmitter is not in use. You may 
r-f pickup by /Ct . is terminated with a connector to match note that sometimes the AM/FM radio is 

The prototype basic electronics was Jt on the main chassis. , suddenly silenced when no CB call is 
mounted in a standard ·1'%" by 6W' by heard. This occurs when some CB'er 
4Vs" metal two-piece chassis having Installation. If you are going to use touches his transmitter key momentarily 
suitable holes drilled in the front panel to the Silencer with a CB rig in conjunction without making an actual transmission. 
mount function switch St , and lamp It . with a conventional monaural radio or The Silencer will operate as if an actual 
,Jack Jt is mounted on the rear. panel, tape player, use the circuit shown1in Fig. CB signal has been received. If this oc
and a suitable rubber grommetted hole 3A. Use the external speaker output of curs too often, the CB may be inade
should be provided for the various ,ca the CB transceiver for tbe audio output. quately squelched or the Silencer too 
bles. Don't forget the hole for R4 on the Note that a few radio speakers may sensitive. If the relay chatters when re
underside of the chassis. Interconnec have one of their terminals grounded to ceiving a CB call, the Silencer should be 
tions to the board are made via the small the speaker frame and thus to vehicle set for less sensitivity (R4) . When the Si
circfed pads as shown in Fig. 1. ground. If this is the case, remove this · lencer has been set for the desired CB 

The finished circuit board is mounted connection from the frame, connect the receiver volume, lowering the volume 
on the bottom of the chassis via four Silencer as shown, and ground the cor will reduce the Silencer sensitivity. 
small spacers, while the relay is mount responding lead between the Silencer Lastly, note that, when power is first 
ed in one corner of the chassis using an and the radio. ' applied to the system, the Silencer will 
L-bracket as shown in the photograph. Locate the speaker leads on the radio come on in the CB mode until the delay 

The r-f rnodule is rciounted in its own to be silenced and cut them. Connect runs out. This is normal. ' o 
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IN TWO previous articles (POPULAR 
ELECTRONICS, August 1976 and Sep

tember 1976), we discussed the con
struction of the low-cost Elf microcom
puter, gave some programming exam
ples, and described some low-cost op
tional input/output circuits. Here we will 
examine some software operating sys
tems and discuss adding 1 024 bytes of 
memory for as little as $20. 

Operating Systems. An operating 
system is a program that makes it easier 
to program and use your computer. For 
example , if you want to change M(43) in 
the basic Elf memory, you would have to 
start at M(OO) and step through memory 
to location 43 before you could change 
it. Program 1 is a simple operating sys
tem for the Elf microcomputer. It lets you 
directly examine or modify any memory 
location. It also allows you to start pro
gram execution at any memory location. 
We call Program 1 ETOPS-256 (Elf Tog
gle OPerating System for 256-byte 
memory) . After loading ETOPS in RAM, 
it can be used to help you load and run 
other programs. 

To examine a memory location using 
ETOPS, set 01 into the toggles. Flip the 
RUN switch up and 01 will be displayed. 
Now set the address of the memory byte 
you want to examine into the toggles 
and push the INPUT switch. The next 
time you push the INPUT switch, you 'll 
see the selected memory byte dis
played . Keep pushing the INPUT switch 
to see the sequence of bytes stored in 
memory. 

To modify any memory location, set 
02 into the toggles and turn the RUN 
switch up. 02 will appear. Set the ad
dress of the memory byte you want to 
modify (via the toggles) . 

Push the INPUT switch and the Q light 
comes on . Now set the toggles to the 
value of the byte you want to place in the 
selected memory location and push the 
INPUT switch to store it in RAM. You can 
store a sequence of new bytes by set
ting each byte into the toggles and push
ing the INPUT switch. The Q light warns 
that you are modifying memory. 

If you have the toggles set to 00 when 
you flip the RUN switch up, you can then 
set the toggles to the beginning address 
of a program you want to execute. Just 
push the INPUT switch to start executing 
your program at the selected address. 
Your program will begin execution with 
R3 as the program counter. 

If you 've added the battery RAM op
tion to your system, ETOPS will be 
ready to use as soon as you turn on 
power. Since ETOPS uses only 32 
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PROGRAM 2--EHOPS- 256 PROGRAM 1--ETOPS- 256 

0000 F8 FF A2 R2 . 0 work0000 F8 20 A1 R1. 0 = work 
03 F8 23 A5 R5 . 0 BSUB03 E1 X= 1 06 F8 33 A6 R6 . 0 HSUB04 6C 64 21 D = toggles 
09 F8 OD A3 R3 . 0 M(OD) 07 3F 07 Wait for IN on oc D3 P=309 37 09 Wai t for IN off OD D5 A1 BSUB, R1 . 0=DOB 32 1D M( 1D) if D=00 OF 6C D, M2 = to~glesOD F6 33 11 M(11) if D=01 10 3A 14 M( 14) if D 00 10 7B Q=1 12 8 1 A3 R3 . 0 = R1 . 0 11 6C A1 R1. 0= to ggles 
14 F6 3B 1C M ( 1 C ) if D=0213 3F 13 Wait for IN on· 
17 D5 E1 BSUB, X=115 , 37 15 Wait for IN off 
19 64 ShowM1, R1+1 17 39 1A M( 1A) if Q=O 1A 30 17 Repeat M( 17 )19 6C M1 = toggles 
1C D5 E1 BSUB , X= 11A 64 Show M1 , R1+1 
1E 51 64 M1=D, show M1 , R1+1 1B 30 13 Repeat M(13) 
20 30 1C Repeat M( 1C)1D 6C A3 R3 . 0 = toggles 
22 D3 P;=3 (r e turn)1F D3 P=3 

BSUB20 00 Work area 
23 D6 HSUB21 Use r programs from 
24 FE FE D l eft x 2M(21) toM(FF ) 
26 FE FE D left x 2 
28 AO D6 R1=D, HSUB 
2A 80 F1 52 M2=R1 or M2 
2D 64 22 Show M2 
2F 30 22 Go to M(22) 
31 FO D5 D=M2 , P=5 

HSUB 
PROGRAM 3 33 E2 FC 01 X=2 , D+1 

36 FA OF 52 M2=D and OF 
0050 F8 FF A1 R1 . 0 =work 39 62 22 Select key M2 


53 F8 00 51 M1=00 3B 3D 33 M(33) i f key off 

56 E1 64 21 Show M1 3D 7B F8 09 Q= 1, D=09 

59 FO FC 01 51 M1+ 1 40 B4 R4 . 1=09 

5D F8 10 B2 R2 .1 = delay 41 24 94 R4-1 

60 22 R2-1 43 3A 41 M(4 1) i f R4 . 1~00 

61 92 3A 60 M(60) if R2 . 1~00 45 7A Q=O 

64 30 56 Repeat M(56) 46 35 46 Wait for key off 


48 30 31 Go to M(3 1) 

bytes, you still have 224 bytes available memory. On the hex keyboard, press EHOPS controls the hex keyboard 
for your own programs. the most-significant digit of a memory with two subroutines called BSUB and 

address followed by the least-significant HSUB. BSUB calls HSUB by changing 
Keyboard System. Adding a hex digit. This address byte will be displayed the program counter to R6 with a 06 in
keyboard would make your Elf mi and tells EHOPS where you want to struction. HSUB continuously scans all 
crocomputer even easier to use. With 1 n start loading bytes in memory. You can 16 hex keyswitches until one is pressed. 
keys labelled O through F, you woulu now load a sequence of bytes into mem It provides a switch debounce delay and 

1have to pre:-s nly two keys for each ory via the hex keyboard . Just press the waits until the key has been released. It 
byte you want to store in memory. In the two digits (most significant first) of each then returns control to BSUB with the 
second article, we described a circuit for byte you want to load and they will be value of the pressed key in the least-sig
monitoring the states of 16 switches or stored sequentially in memory starting at nificant digit of the byte in 0 and M2. 
ktj S. (See POPULAR ELECTRONICS, the selected location . BSUB is called by changing the pro
Sept. 1976, page 38, Fig. 3) . If you add To examine any memory location gram counter to R5 with a 05 instruc
this circuit and a 16-key hex keyboard, (without changing its contents) , set the tion. It waits until two hex keys have 
you ·~an use Program 2-L:HC'=>S-256 toggles to 01 before you flip the RUN been pressed before returning control to 
(Elf Hex OPerating System for 256-byte switch up. Using the hex keyboard, en the calling program with the values of 
memory) . This program requires 74 ter the one-byte starting address oi the the two keys in the two digits of the byte 
bytes of RAM so you still have 182 bytes sequence of memory locations you want in 0 and M2. The most-significant digit 
left for your own programs. You can also to examine. Press any hex key twice to represents the first key pressed. Any 
use the hex keyboard subroutine as part step through memory and display the program you write with R3 as the pro
of your programs if desired. stored bytes. gram counter can call BSUB to obtain a 

After loading EHOPS in memory, you To rL 11 a program you've loaded using byte from the hex keyboard. If you drive 
can use it as follows. To load a byte into EHOPS, set the toggles to 00 before flip a speaker with the Q lines as described 
any memory location from the hex key ping the RUN switch up. Using the hex in the September article, you will hear an 
board, set the toggles to 02 and flip the keyboard, . enter the one-byte starting audible click each time a hex key is 
RUN switch up. The 02 toggles tell address of your program. It will begin pressed. 
EHOPS that you want to store b'. 1£ ; in running with R3 as the program counter. Program 3 can be loaded and run us
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ing either ETOPS or EHOPS: This pro-
PROGRAM 4 gram continuously counts up at a rate 

*CO F8 
C3 :Fa 
C6 D5 
CB 1A 
CA 88 

*CD F8 
DO F8 
D3 EA 
D6 64 
DB F8 
DB 7B 
DD FF 
DF 3A 
E1 7A 
E3 FF 
E5 3A 
E7 2C 
E9 3A 
EB 88 
EE 30 
F0-F7 = 

FO AA 
08 A8 
5A 
28 
3A C6 
FO AA 
08 A8 
FO A7 
28 
FF AC 
87 
01 
DD 
87 
01 
E3 
BC 
DB 
3A D3 
CD 
Table of 

0000 
03 
06 
09 
oc 
10 
13 
14 
17 

RA . O=FO 
R8.0=08 
BSUB, MA=D 
A+1, R8- 1 
M(C6) if R8.0t00 
RA.O=FO 
R8 . 0=08 
R7 . 0=MA 
Show MA , A+1, 8 
RC.O=FF 
Q=1, D=R7. 0 
D-0 1 
M(DD) if DtOO 
Q=O, D=R7. 0 
D- 0 1 
M(E3) if DtOO 
RC-1 
M(DB) if RC.OfOO 
M(D3) if R8.0t00 
M(CD) if R8 . 0=00 

tone values 

PROGRAM 5 

F8 00 B1 
F8 FF A1 
F8 00 51 
E1 64 2 1 
FO FC 0 1 51 
F8 10 B2 
22 
92 3A 13 
30 09 

1 

R1.1 =00 
R1 . 0 =work 
M1=00 
Show M1 
M1+1 
R2.1 = delay 
R2- 1 
M(13) i f R2.1t00 
Repeat M(09) 

determined by the byte at M(SE). Be 
sure to start execution at M(SO). 

Program 4 should be loaded and run 
using EHOPS. You should also have a 
speaker attached to the Q line. Start this 
program at M(CO) with EHOPS. You can 
then enter eight bytes via the hex key
board. These bytes should have values 
between 02 and 7F for best results. 
Each byte represents the frequency of a 
tone you will hear via the speaker. After 

+5 


6 18 


AO 

Al 

A2 

4 

7 

13 

2 

10 

4042 
ADDRESS 11 "}~ TOFIG. 2 

AIO 
LATCH 

12 
AIO* 

5 
TPA 

14 

Fig. 1. Address latch. *Connect 
pin 19oforiginal2101 RAM's 
to A 1 O instead ofground. 

you enter the eighth byte you'll hear the 
eight-tone sequence repeated over and 
over. You can restart the program at 
M(CD) to hear a previously entered tone 
sequence. 

An operating system can be designed 
to incorporate any desired feature . For 
example, you might want to examine the 
contents of internal 1802 registers or 
control the operation of a cassette re
corder. As more features are needed, 

DATA 
BUS 

0 

2 

5 

A7 A6 A5 A4 A3 A2 Al 

ICI -2102 (1024 XI RAM) 

IC2 -2102 

IC3-2102 

IC4-2102 

IC5  2102 

IC6-2102 

IC7 -2102 

ICB-2102 

Fig. 2. Eight 
low-cost, 
readily available 
2102RAM's 
{1024x1) and 
two transmission 
gate packages. 
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you may want to dedicate the entire 256 
bytes of memory in the basic system to 
your operating system and add another 
section of memory for your other pro
grams. The 256-byte operating-system 
memory can be battery-powered and 
protected from modification by the MP 
switch so that it is always ready for use. 

Memory Expansion. You can add 
1024 bytes of memory to an Elf mi
crocomputer using inexpensive, readily 
available 2102-type static RAM's as 
shown in Figs. 1 and 2. The 1 Ok bus 
pull-up resistors are required if the high
output level of the RAM chips isn't at 
least 3 volts. Bits 0 and 1 of the high
order address byte are clocked into the 
address latch with TPA (Fig. 1 ). These 
two latched bits are used with the low
order COSMAC address byte to provide 
the required 10-bit address for the 2102 
RAM's. Bit 2 of the high-order address 
byte is clocked into the address latch for 
use in selecting either the original 256 
byte RAM or the added 1024-byte sec
tion of RAM. Disconnect pin 19 of the 
original two 2101 RAM chips from 
ground and connect to pin 12 of the 
4042 address latch in Fig. 1. 

The original 256-byte memory will 
now be addressed as 0000-00FF and 
the new 1024-byte memory will be ad
dressed as 0400-0?FF. Since all of the 
previous programs assumed one-byte 
addresses, they will not run in this ex
panded memory system. Programs for 
systems with more than 256 bytes of 
memory must have both the high-order 
and low-order bytes of address registers 
properly set. The previous programs can 
be easily modified to run in the expand
ed system by initializing both high- and 
low-order bytes of any 16-bit register 
used to address memory. The foregoing 
counting program could be modified to 
run at M(OOOO) in an expanded RAM 
system as shown in Program 5. In gen
eral , it adds only a few bytes to program 
for an expanded-memory system. By 
adding bits to the address latch of Fig. 1, 
you could address up to 64k bytes of 
RAM. Instead of addressing extra mem
ory, the high-order address bits could be 
used to select input/output circuits or 
devices. 

Don't forget that adding memory will 
increase system power requirements . 
As the system is expanded, make sure 
your external power supply can handle 
the increased current requirements. 
With this in mind, you 'll find that the Elf 
can be tailored to your needs at low 
cost. o 

AREADER~ELFPROGRAMS 

I recently constructed the COSMAC Elf on and off at intervals determined by the 
described in your August ( 1976) issue and subroutines. The memory provided in the 
thoroughly enjoyed the construction and basic Elf system (256 bytes) is enough for 
testing of this microprocessor system. I approximately 19 code elements. Each 
build approximately two projects a month code element requires only 1 O instructions 
that are illustrated in your magazine-plus for an on and off interval in the main pro
some from other sources. This particular gram. The timing loops require the use of 
project turned out to be the most interest two registers to provide a sufficient time. In 
ing I have ever constructed. Here are three my Elf, I used a 1-MHz crystal. Obviously, 
programs that I found useful in illustrating changing one instruction in the loop sub
various system functions . routines will vary the time as necessary. 

Program I is simply an expansion of your Changing or adding to the main program 
0-light program with additional decisions can change the code. 
that alternately turn the Q light on and off Try loading this program with the switch 
when the input switch is depressed. register if you have enough patience. 

Program II displays and increments -Robert Klein 
successive hex characters each time the 
input button is depressed. To do this, it 
was necessary to learn how to input to and PROGRAM I 
output from the memory, using pointers in 
registers , and also to do simple arithmetic SWITCH ON AND OFF 3F 
through the accumulator (D register). ¢¢

Program Ill plays SOS in Morse code . 37 
The program should be loaded through the ¢2 
system switch registers if you have a half 
hour without interruption. With this pro I F Q OFF GO TO ¢9 39 
gram, registers are used for pointers to ¢9 
subroutine loops set up for time delay. 
Three subroutines for 0.5 second, 1 sec IF Q ON , TURN OFF AND 7A 
ond and 3 seconds are established, ad RETURN TO ¢¢ 3¢ 

¢¢ dressed by changing the program counter. 
The main program simply turns the Q light 

IF Q OFF, TURN- ON AND 7B 
GO TO ¢¢ 3¢ 

¢¢ 

PROGR.A_M II 

STORE DEPENDENT VARIABLE ¢¢ E4 
IN LOCATI ON 77 WITH POINTER F8 

IN R4--DES IGNATE R4 AS RX 
 77 

A4 
F8 
¢¢ 
54 

STORE INDEPE~DENT VARIABLE ¢1 F8 

I N LOCATION 76 WITH POINTER 76 

IN R5 A5 


F8 
¢-1 (si ze of INCR ) 
55 

DISPLAY AND DECREMENT RX 	 64 

24 


LOOK FOR I NPUT SWITCH ON AND 3F 
OFF ¢F 

37 
1¢ 

ADD TWO VARI ABLES .A_~D PUT ¢5
RESULT I N LOCATION 77 F4 (F5 subtract)
(can be changed to subtrac t 54 
t o co unt down) 

RETURN TO START OF LOOP 3¢ 
¢7 
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PROGRAM III 
MAIN PROGRAM T!3 7B 7B 

D3 D4 D3INITIALIZE F8 THIRD DOT FB 	 F8 F8POINTERS 65 * 65 * 	 79 * 65 * A3 	 THIRD DASH FIFTH D'.)TA3 	 A4 A3F8 7A 	 7A 7A79 * D3 	 D3 D3A4 FB 	 F8 F8FB 65 * 	 65 * 65 *8D * A3 	 A3 A3A5 

TB 7B7B 7BD4 	 D3FIRST DOT D3 FIRST DASH D3F8 	 F8F8 F879 * 	 65 * SIXTH DOT,65 * FOURTH DOT 	 PAUSE AND 65 * A4 	 A3A3 A37A 	 7A RETURN TO7A 7AD3 	 D3 STARTD3 D5F8 	 F8FB F865 * 	 65 *65 * 	 SD * 
A3 A3 A3 	 A5 

3¢7B7B ¢¢D4 

F8 F8 

D3 

* If a different number ofSECOND DOT 65 * 	 79 * 
code elements is used~A3 	 A4SECOND DASH 	 change the starting address7A 	 7A of each sub routine , orD3 	 D3 move to the end of memoryF8 	 F8 page if flexibility is65 * 	 65 * desir ed . A3 	 A3 

PROGRAM III 

SUB ROUTINES (Must be loaded in order indicated 
after main program is loaded.) 

t -sec Loop 1-Sec Loop 3- Sec Loop 
All instructions same as 
t - Sec Loop except where 
indicated 

PUT 256 IN REG #1 F8 
FF 

A1 


PUT VARIABLE INTO FB 

08 * 	 ¢F * 3¢ * REG #2 
A2 
C4 
C4 

DECREMENT AND LOO~ THRU C4 

R1 UNTIL ZERO . THEN C4 

OUTPUT TO DECREMENT C4 

REG #2 
 21 

81 
3A 

7F ** 93 **6B ** 
LOOP BACK TO START 22 

R #1 CYCLE U:;fTIL 82 

TOTAL TIME IS USED UP 3A 


6B ** 7F ** 93 ** 
RETURN TO MAIN PROGRAM D¢ 

* Sets Time 
** If a different number of code 

elements is used, change this 
instruction to starting
address of each subroutine · 
wait loop (first C4) 
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Uses readily 
available 
components and 
an analog 
readout. 

BY JOHN F. HOLLABAUGH 

Build A10-Hz To 1-MHz EPUT Meter 

THE EPUT (Events Per Unit Time) sensitivity control is included to set the amplifier, counting stages, and power 

meter is an inexpensive frequency input signal threshold . The front end has supply shown in Figs. 2A, 28, and 2C, 
counter that can measure sinusoidal a resistive input impedance of 100,000 respectively. A portion of the input signal 
and complex waveforms over a range ohms . A 1.5-millivolt (minimum) input is taken from the wiper of R1 , the SENSI· 

from 10 Hz to 1 MHz. It uses inexpen will result in a stable EPUT reading. TIVITY control , and applied to the gate of 
sive TTL logic, a FET front end, and an 01 , an n-channel FET, which functions 
analog readout. Accuracy is quite good, About the Circuit. The schematic as a source follower. Voltage gain is pro
as the 60-Hz power-line frequency is diagram of the EPUT meter is shown in vided by the bipolar transistor 02. This 
used as a calibration reference. A trigger Fig. 1, with circuit details for the input transistor boosts the input signal to a 

DI 

IC5 

Ml 

Fig. 1. TTL counters are 
used for meter scaling. 

C l , C3, C6-0.047-µ F, 50-V Mylar capac itor 
C2- IO-µF , 15-V electro lytic capacitor 
C4--22-µF. 15-V electro lytic capac itor 
C5-0.005-µF disc ceramic capac itor 
C?-0.0068-µ F disc ceramic capac itor 
C8-500-µF , 15-V electrolyt ic capacitor 
C9- I 000-µ F, 35-V electro lytic capacitor 
D 1-4-V, Y2-W zener diode 
IC 1-IC4--7490 decade counter 
IC5-555 timer 
IC6-LM309 5-volt regul ator 
JI - RCA phono jack 

PARTS LIST 

M 1-0-to- l-mA meter (Radio Shack 22-052 
or equivalent) 

Q 1- N-channel FET (Rad io Shack RS-2028 
or equivalent ) 

Q2-Q4--npn si licon swi tching trans istor (Ra
dio Shack RS-2009 or equiva lent ) 

All fixed resistors are 11-watt , IO% tolerance: 
R 1- 100.000-ohm linear taper potentiometer 
R2- l 50,000 ohms 
R3.R5,R7 ,R9- 2200 ohms 
R4. R6- 220.000 ohms 

R8- l IO,OOO ohms 
R 10-500,000-ohm linear taper potentiometer 

(sc rewdri ver adjust) 
R I I, Rl 3- I megohm 
R 12-3300 ohm s 
R 14--100,000 ohms 
R 15- 390,000 ohms 
S I- I-pole . 12-position nonshorting rotary 

switch (Lafayette 30 R 40 144 or equi va lent) 
S2- SPST toggle sw itch 
T 1- 12-V, 500-mA transformer 
Misc. - Hookup wire , suitable enclosure, IC 

sockets or Molex Soldercons (if desired), 
printed circuit or perfora ted board. \4- inch 
spacers, machine hardware, solder, etc. 
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+12v.-----.....--+----.-------~ 

(8)+ 12v---o-;; 
'\J + IC6 

3 

+ 
117VAC REC T I C9 

IOOOpF 

(Cl 

Fig. 2. Circuit details are shown for the input amplifier at (A), for 
the biquinary counters at (8) , and for the power supply at (C) . 

+5V 

level exceeding the 2-volt, logic-one 
threshold of the TTL counter inputs. The 
current required to drive counter IC1 is 
furnished by 03, an emitter follower. 

Biquinary counters IC1 through /C4, 
each of which comprises four flip-flops 
and an AND gate, provides outputs 
whose frequencies are one-fifth and 
one-tenth that of the input. These are 
used for range expansion of the analog 
meter, whose associated circuitry meas
ures frequencies from zero to 100 Hz 
only. The O-to-1-mA meter is connected 
to the output of /CS, a 555 timer operat
ing in the one-shot mode. The average 
value of the pulse output is directly pro
portional to the number of pulses occur
ring each second, and this rate is gov
erned by the frequency of the signal that 
triggers /CS. 

The trigger signal, which is provided 
by the amplifier in the direct (X 100 Hz) 
mode, and by the outputs of the count
ers on the higher ranges, is inverted by 
04 to make the negative-edge triggering 
of /CS compatible with the positive-edge 
triggering of the TTL counters. The width 
of the pulse output of /CS is determined 
by the setting of R10. This is the only 
calibration adjustment required, be
cause the meter circuit always works 
with signals below 100 Hz. Switch St 
selects which signal will trigger the 555. 

To eliminate the need for an expen
sive meter with good dynamic damping, 
electrolytic capacitor CB is connected 
across the meter. This provides stable 
readings down to 1 O Hz. Without the ca
pacitor, the meter specified vibrates very 
severely below 20 Hz. 

Construction. Because the EPUT cir
cuit is fairly simple, it can be assembled 
on a printed circuit or perforated board. 
The use of an LM309 voltage regulator 
(/C6) is strongly recommended, be
cause 7490's are very intolerant of even 
brief overvoltages. Try to keep the board 
layout clean, and by all means use the 
minimum amount of heat and solder 
necessary for good, clean connections. 
Integrated circuits can be soldered di
rectly to the circuit board, or if desired, 
IC sockets or Molex Soldercons can be 
used. Use a metal utility box as an en
closure. A 6" x 4\12'' x 3" (15.2 x 11.4 x 
7.6 cm) utility box provides ample space 
for all components. Bolt the regulator IC 
to the enclosure using 114-inch (6.4-mm) 
spacers. This is done to provide a good 
heat sink and to ground the case of the 
integrated circuit. 

Calibration. Connect a source of low
voltage, 60-Hz ac to input jack J1 using 
a length of shielded or small coaxial ca
ble. A 6.3-volt filament transformer 
makes a fine signal source. Higher volt
ages can be used, but don't exceed 12 
volts peak at this or any other time. Use 
a resistive voltage divider, if necessary, 
to attenuate the input signal . With 
RANGE switch St in the "X 100 Hz" posi
tion, advance SENSITIVITY control Rt un
til a reading is obtained on the meter. 
Then adjust R10, the CALIBRATE control, 
for a reading of 0.6 mA on the meter. 
This corresponds to a reading of 60 Hz 
(0.6 x 100 Hz) . This is the only calibra
tion adjustment necessary. Of course, 
you can check for proper counter opera

tion with a 100-kHz or 1-MHz frequency 
standard. 

Operation. You can use the EPUT 
meter to measure complex waveforms 
or sine waves up to a frequency of 1 
MHz. Just be sure that you don't exceed 
12 volts peak input. Use shielded cable 
for the input signal to minimize noise 
pickup. If you want to measure an un
known frequency, start with St in one of 
its higher ranges. Adjust Rt until you get 
some needle movement in M1 . If the 
needle stays at the lower end of the 
scale, go to a lower position of the 
RANGE switch until a usable reading is 
obtained. <> 

"Ten-Four!" 
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HerbLanei~ 

a tough-min(led


optimist. 

How about you? 


Herb takes his future seriously. Without worrying about it. 

He knows his CIE training is giving him valuable skills in electronics. 

Skills a lot of people will be glad to pay for. And that's good reason 


for all the optimism in the world. How about you? 
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Leaming new skills isn't 
something you just breeze through. 
Especially in electronics. You've 
got to really want success if you're 
going to build your skills properly. 

Herb knew that right from the 
start. But he also knew what 
rewards he could earn if he took 
some time and did it right. He knew 
that, in today's world, people who 
really know electronics find a lot 
of other people ... even whole 
industries ... looking for their help. 

How about you? How much do 
you want that thrilling feeling of 
success ... of being in demand? 
Enough to work for it? 

Why it pays to build 
skills and know-how. 

One of the things that got Herb 
interested in electronics is that 
electronics seems to be something 
just about everybody needs. Almost 
everywhere you look these days-
in a business office ... a 
manufacturing plant ... a 
department store ... a doctor's 
office ... a college ... even your 
own home you 'II find all kinds of 
electronic devices. 

That spelled "opportunity" to 
Herb. Plus he liked the idea of 
having a set of skills that might 
lead to jobs in places as different 
as a TV station ... a hospital . .. an 
airport ... a petroleum refinery. 

But what Herb liked most about 
electronics is that it's just plain 
interesting. Even though it takes 
time and effort to learn, the subject 
is so fascinating it almost doesn't 
seem like "studying" at all! 

HowCIE 
keeps you interested. 

ClE's unique study methods do 
a lot to keep you interested. Since 
electronics starts with ideas ... with 
principles ... CI E's Auto
programmed<R Lessons help you get 

the idea-at your own most 
comfortable pace. They break the 
subject into bite-size chunks so 
you explore each principle, step by 
step, until you understand it 
thoroughly and completely. Then 
you start to use it. 

How CIE helps you 
turn ideas into reality. 

Depending on the program you 
choose, CIE helps you apply the 
principles you learn in a number of 
different ways. 

If you're a beginner, you'll likely 
start with CI E's Experimental 
Electronics Laboratory. With this 
fascinating workbench lab, you 
actually perform over 200 
experiments to help you grasp the 
basics! Plus you use a 3-in- I 
precision Multimeter to learn 
testing, checking, and analyzing. 

In some programs , you build 
your own SM Hz triggered-sweep. 
solid-state oscilloscope- and learn 
how to " read" waveform patterns 
... how to " lock them in" for closer 
study .. . how to understand and 
interpret what they tell you. 

To help you develop practical , 
skill-building knowledge you then 
receive a Zenith 19" diagonal 

solid-state color TV featuring nine 
removable modules. You learn 
how to trace signal flow ... how to 
detect and locate malfunctions ... 
how to restore perfect operating 

What to do first. 
Get all the facts. Send for CIE's 

FREE school catalog and career 
information package TODAY. 
Check all the CIE programs-and 
~ee which one's right for you. Do 
rt now. 

Why it's important 
to get your FCC License. 
More than halfofCIE's courses 

prepare you for the FCC License 
exam. In fact, based on continuing 
surveys, better than 4 out of 5 
CI E graduates who take the exam 
get their License! 

That's important. For some jobs 
in electronics, you 111ust have your 
FCC License. For others, 
employers often consider it a mark 
in your favor. It's ROvernment
certified proofof specific 
knowledge and skills! 

Free catalog! 
Mail the card. I fit's gone, cut 

out and mail the coupon. If you 
prefer to write , mention the name 
of this magazine. We'll send you a 
copy ofCIE's FREE school 
catalog- plus a complete package . 
of independent home study 
information! For your convenience. 
we'll try to have a representative 
call to help you with course 
selection. Mail the card or coupon 
. .. or write: CIE, 1776 East 17th 
Street, Cleveland, Ohio 44114. 

standards.

r····-------------1 

I CIE Cleveland Institute of Electronics, Inc. 

1776 East 17t h Street, Cleveland, Ohio 44114 
Accredited Member National Home Study CouncilII D YES ... I want to succeed in electronics. Send me my 

FREE C I E school catalog-including details about all electronics courses
• plus my FREE package of home study information! PE-30 

NAMEI ADDRESS (please print ) APT. ____I CITY _ _ ________________________ 

STATE _____ _____________ ZIP _____

I AGE _______ PHONE(areacode) __________ _ _ 

I Check box for G. I. Bill information : D Veteran D Active Duty 

=Mail today! 
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Manufacturers of high-fidelity audio 
amplifiers like to stress the type of 

circuit-class A, 8, C, D, or G-used in 
their latest products. Let's take a look at 
what all these various types are and why 
some of them have taken on special 
meaning in recent years. Despite the 
fact that class-8 amplifiers are by far the 
most widely used, we'll start at the be
ginning of the alphabet. 

Class·A Amplifiers. Amplifiers are 
grouped in classes primarily on the ba
sis of the period of conduction of a given 
amplifying device. In a class-A amplifier, 
a single output transistor conducts cur
rent continuously. An audio signal ap
plied to the amplifier stage (Fig . 1 A) var
ies the amount of current in the output 
according to the transfer characteristic 
shown in Fig. 1 8 . Quiescent current le 
flowing through the transistor in the 
absence of an audio signal must be 
great enough so that even during nega
tive half-cycles of the audio waveform, 
the output is not cut off completely. Thus 
the output waveform is a more or less 
exact replica of the input. 

The chief disadvantage of the class-A 
amplifier is its inefficiency. Since aver
age current flow is the same whether or 
not a signal is applied to the input, 
class-A amplifiers have an overall effi
ciency of between 20% and 30%. Only 
about 25% of the energy applied to the 
transistor gets converted into useful out
put power. The rest of the energy must 
be dissipated as heat, within the transis
tor itself or into a heat sink to which the 
transistor is thermally coupled. Class-A 
amplifier stages are frequently used 
in low-powered products. · Since these 
products are generally designed to pro
duce on ly a fraction of a watt of audio 
output, the poor efficiency of class-A op
eration is not a problem. Recently , the 
advantage of the extreme linearity of the 
class-A circuit has prompted some hi-Ii 
amplifier manufacturers to resort to this 
mode of operation even in higher-pow
ered audio amplifiers . Such designs, 
however, have necessitated the use of 
extremely large heat sinks and oversize 
power supplies. 

Class B. In the class-8 audio amplifier, 
each of two transistors is biased very 
nearly to cutoff, as shown by the transfer 
characteristic of Fig. 28. Since a single 
transistor now conducts during only half 
the applied signal , two transistors must 
be used to reproduce the entire wave
form---Bach arranged to handle one al
ternation of the waveform. One way of 
doing this is to use the transformer-cou

of 


AMPLIFIERS 

What the various types 
mean to today's audiophile. 

BY LEN FELDMAN 

pied push-pull transistor stage in Fig. 
2A. Here, the waveform applied to the 
base of 02 has a polarity that is the op
posite of that applied to the base of 01 . 
Each transistor, therefore, conducts dur
ing opposite halves of the signal wave
form's excursions. The two halves of the 
amplified waveform are combined in the 
primary winding of T2, the secondary of 

which feeds the speaker load. Trans
former T2 is easily eliminated by using a 
complementary pair of output (matched 
npn and pnp) transistors so that each 
handles half the input signal. waveform . 
A capacitor-coupled output stage is 
shown in Fig. 3A, while Fig. 38 shows 
how, by means of positive and negative 
power supplies , the output capacitor can 

8 -(SUPPLY VOLTAGE) 

"NO SIGNAL" 

CURRENT 


LEVEL !Ic ) 

I c 

1--1\-r 
I 
I 

OUTPUT 
WAVESHAPE 

:-:::> INPUT 
~WAVEFORM 

I 
(A) (8) 

Fig. 1. At (A) is ty pical class-A circu it. Transfer characteris tic 
(B) shows how stage is biased into heavy conduction . 
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8+ SUPPLY VOLTAGE 8+ SUPPLY VOLTAGE 

QI°tJ 
T2 

R3 

SIGNAL -111111 + '"'~ 
Tl 

Uc 

Ic 

'' NO SIGNAL"' cuRRENTls- 
ALMOST ZERO 

Fig. 2. Circuit (A) and transfer characteristic 
(B)for class-B amplifier, biased near cutoff. 

be eliminated to produce the popular 
"direct-coupled" output stage featured 
in most currently produced solid-state 
hi-ti amplifiers. 

The great advantage of class-8 oper
ation is higher efficiency than in class-A 
amplifiers. In typical class-8 circuits the 
efficiency can range as high as 65%. 
The chief disadvantage of this circuit lies 
in the fact that the transition between 
conduction of one transistor and the oth
er may be less than perfect. If one tran
sistor stops conducting just a bit before 
the other begins to conduct, the output 
waveform may contain a discontinuity, 
which is generally referred to as "notch 
distortion" or "crossover distortion." 
This condition is illustrated in Fig. 4. Un
like overload or clipping distortion, which 
occurs only when an amplifier is driven 
beyond its rated power output, notch 
distortion can occur at all listening lev
els. In fact, it is more bothersome at low 
output levels, where it constitutes a 
greater percentage of the total output. In 
addition, notch distortion generally pro
duces higher order harmonics (seventh, 
ninth, etc.) that are usually more audibly 
annoying than equivalent percentages 
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(A) 

OUTPUT WAVESHAPE 

--1~-.___..___._____Ve_E___ 

INPUT WAVEFORM 

(8 ) 

of second- and third-harmonic distortion 
most commonly associated with "clip
ping" or overload conditions in an audio 
amplifier. 

Class AB. This type of operation falls 
midway between classes A and B. While 
neither of the two transistors in a class
AB output stage conducts over the full 
audio input signal waveform, each con
tinues to conduct for more than a half
cycle. The operating point for a transis
tor biased for class AB operation is 
shown in Fig. 5. In class-AB circuits, 

Fig. 4. E xtreme example of notch distortion possible 
with poorly designed class B output circuits. 

02 

03 

DI 

Cl 

!~PUT ) INPUT 

8- SUPPLY VOLTAGE 

(A) (B) 

Fig. 3. Complementary npn-pnp class-B circuit, 
capacitor-coupled (A) and direct-coupled (B). 

notch distortion is eliminated because, 
during the critical transition from positive 
to negative polarity of the input signal 
waveform, both output transistors are 
conducting. The efficiency of a class-AB 
circuit is also somewhere between that 
of classes A and B circuits. 

Class C. In the class-C amplifier, con
duction occurs over less than half a 
waveform cycle, as illustrated in the 
transfer diagram of Fig. 6. Class-C am
plifiers are not used in audio applica
tions because there is no way for such 
an amplifier to follow the complex wave
form shapes of an audio signal. Rather, 
class-C amplifiers find application in ra
dio-frequency (r-f) amplification, where a 
single frequency is to be amplified. Re
sonant LC (inductive-capacitive) circuits 
incorporated at the input and output 
sides of a class-C amplifier provide a so
called "flywheel" or "pendulum" effect 
that recreates the "missing" portion of 
each cycle of the input waveform. In ef
fect, energy is supplied to the associat
ed resonant circuits for a short period 
during each alternation in much the 
same way that a light tap applied to the 



OUTPUT WAVEFORM 
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I c 

" NO SI GNAL " 
CURRENT LEVEL- 

I 
I 

~AVEFORMq I NPu~:g . 6. Class C operation 
1Fig. 5. Class A B requires two transistors is suitable for r-f but 

in push-pull, operates between class A and B. n ot audio amplifi ers. 

lower portion of a swinging pendulum 
every time the pendulum reaches one 
end of its swing can keep it swinging 
over a wide arc. The efficiency of a 
class-C amplifier is high-between 65% 
and 85%-since the amplifying stage it
self is called upon to conduct for a very 
short portion of the waveform cycle . 

Class D. So-called class-0 circuits 
have been used in military and high
power applications for some time. In au
dio applications, class-0 circuitry is new. 
Instead of using transistors as linear am
plifiers (as is the case for all the other 
classes of amplifiers we have discussed 
so far) , the transistor is used as a switch. 
Audio input signals are first converted to 
pulses of varying widths. These pulses 
switch the transistors on and off at a su
per-audible high-frequency rate (as high 
as 500,000 times per second) . By hav
ing the audio signal control when the 
transistor switches high voltages and 
currents, the signal is amplified. The out
put pulses are "summed" or integrated 
by a filter or smoothing network to pro
duce an output signal that resembles the 
input audio waveforms. 

Switching amplifiers can and do run at 
efficiencies of greater than 95%. Infinity 
Systems, Inc. introduced the first such 
amplifiers. The high efficiency of the am
plifier drastically reduces heat-sink re
quirements and makes for a very com
pact amplifier package . The Infinity Sys
tems amplifier is said to be capable of 
delivering continuous 250 watts per 
channel under any line conditions from 
96 to 240 volts while remaining cool. At 
$1850, the class 0 amplifier is expen 
sive, but if it proves its claims, we are 
likely to see more versions designed for 
audio applications from a number of 
manufacturers in the future. 

Class G. We have not inadvertently 
skipped "classes E and F." In fact, when 
Hitachi first developed its high-efficiency 
circuit, the company had called it class 
E. Later, it was discovered that there al
ready existed amplifier configurations 
that had been assigned the designations 
class E and class F. Accordingly, Hitachi 
elected to call its high-efficiency amplifi
cation scheme class G, though in some 
of the literature you may find that the 
system is still referred to as a Series E 
audio amplifier. 

In a class-G amplifier, double pairs of 
output transistors are used in push-pull 
operation (Fig. 7) . When the input volt
age is lower than V1 (or V1 ') , 02 and 
02 ' are cut off and current flows through 
01 and 01' to the load. Once the input 
voltage exceeds V2, the current to the 
load is through 02-01 and 02'-01 ' . For 
music reproduction, the amplifier oper
ates most of the time with V1 and V1' 
(more than 90%) and a very small frac
tion of the time from V2 and V2 '. Power 
dissipation is thus low. 

Crossover distortion from V1 to V2 
and vice versa is minimized by using 
high-speed transistors and diodes. Resi
dual switching spikes or instantaneous 
signal dropout are minimized by circuit 
design techniques. 

Although the efficiency of a class-B 
amplifier can be as high as 65%, it 
should be understood that this level is 
reached only when the amplifier is deliv
ering its rated output. At all lower levels, 
efficiency is considerably less. For the 
class-G circuit, since each transistor is 
operating closer to its optimum efficien
cy point more of the time, the overall effi
ciency of the system is improved to 
about 75% or 80% for much of the time 
that conduction of audio signals actually 
occurs. 

... ,. 
j_ 

Fig. 7. Simplifi ed diagram of 
class G amplifier stages. 

Summing Up. It should be clear from 
this brief analysis of the various amplifier 
classes that each has its advantages 
and disadvantages. Manufacturer's 
claims notwithstanding, to say that a 
class-A amplifier is inherently better 
than a class-B amplifier or that a class-0 
switching amplifier is better than a 
class-G amplifier is an oversimplification 
at best. Since all classes of amplifiers 
are currently used in modern amplifier 
designs, we must conclude that the 
choice of class involves a series of 
trade-offs and that properly executed 
designs in each amplifier class can re
sult in high-fidelity audio amplifiers that 
come close to faithful reproduction of 
sound. And faithful reproduction of 
sound is, after all , the end goal of all hi-fi 
products. <> 
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BY W. J. PRUDHOMME 

Use skill as well as chance 

to win the game of "Strategy . " 

MOST electronic games, like dice 
and roulette, depend purely on 

luck. The "Strategy" game presented 
here, however, depends on the player's 
skill and the strategic maneuvers one 
exercises to win. Each of up to four play
ers tries to get "home" before the oth
ers. A player can move directly toward 
home, a step at a time, or use strategy to 
move an opponent backward, while sac
rificing a chance to move forward . In 
either case, a relative degree of skill is 
required, the amount of skill determined 
by a variable-rate blinking LED. 

Directly in front of each player's posi
tion on an 1 8" ( 45. 7-cm) square playing 
field is a set of 10 LED's arranged inside 
a colored arrow that points toward the 
center of the field . At the center of the 
field is a master LED that blinks at an 
aojustable rate . As each player's turn 
comes up, he tries to score and move 
one step closer to the point of his arrow 
by pressing his SCORE pushbutton 
switch. Here is where the skill comes in 
because the SCORE button must be 
pressed at the exact instant the master 
LED flashes on. If the SCORE button is 
pressed too soon or too late, the player 
fails to score. Since tl:ie SCORE button 
generates only a short pulse when it is 
operated, timing is very critical. Holding 
down a SCORE button will be ineffective 
because this pulse is generated only 
when the button is initially pressed . 
Changing the flash rate of the master 
LED determines the level of difficulty in 
playing the game. 

RI 
1.2M 

A 

SI ~1PLAY ER I 

(R ED ) 

-----+5V 

R3 R4 
l.2 M 10 011 

52 11 
B 

PLAYER 2 

(BLUE) 

ICI: 740 0 I C2 : 7400 

Cl 

.OlµF 

C2 

.O lµF 

C3 

.OlµF 

FI G 
2 

SCORE 

c5311
PLAYE R 3 

( YE LLOW) 

D 

PLAY ER 4 
(GR EEN) 

F ig. 1. E ach time a 544 
play er's pushbutton is 

operated, a single pulse 
is generated by its I Cl . CLOCK 

FIG 4 
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Fig. 2. Pulses are applied to player's LED or opponent's. Fig . 3. E ach counter drives its deco der to turn on LED's. 

PARTS LIST 
C I.C2.C3.C4,C6.C8-0.0 1-µF di sc capac i- The following resistors !12-watt , 10% with one set each normall y open and nor

tor RI .R3. R5, R7,R34- l. 2 megohms mall y closed contac ts 

C5- l -µ F. 15-V elec trolytic capac itor R2. R4. R6, R8- 100ohms S 10- Spst switch (part of R36) 

C7- 1000-µF. 25-V electro lytic capac itor R9 th rough R29,R4-0--A700 ohms SPKR- 8-ohm miniature speaker 

C9- l-µ F. 15-V nonpolari zed capac itor R30 through R33- 390 ohms Tl - 6 .3-vo lt. 1.5-ampcre transformer 

D I th rough 0 4- 1 N4002 rec tifier diode R35 .R38- IO.OOO ohms Misc .- Two 19!/2" lengths of I" x 3" pine for 

Fl -Vi-ampere standard fuse R37- 220 ohms frame sides: two 18" lengths of I" x 3" pine 

!C l .IC2- 7400 quad 2-input NA ND gate R39- 330 ohms for fra me sides: two 18" lengths of I" x 2" 

IC3 .IC4- 74 1I triple3- input NAN D gate R4 l- 22,000 ohms pine for c leats: two 161/i'' lengths of I" x 2" 

!CS through IC8-74 l 92 up/down decade R43- 27 .000 ohms pine for cleats: one 18"-square piece of \4'' 


counter R44- 56.000 ohms plywood or Masonite fo r play ing fi eld: one 
IC9 through IC \2-744 1 one-of- IO decoder/ R36- 100 .000-ohm potentiometer with spst 18"-square piece of \14"- thick Masoni te peg

dri ve r (see tex t) · switch board fo r bottom plate : fuse holder; printed 
IC 13- 555 timer R42- I0.000-ohm potentiometer circuit or perforated board: IC and transistor 
IC 14- LM309 K 5-volt regulator S I through S4-Spst normally open pushbut  sockets (opti onal) ; paint ; sandpaper; line 
Q I .Q2- 2N2222 transistor ton sw itch cord : rubber fee t (4); whi te glue; fini shing 
Q3- Programmablc unijunction transistor SS through S8- Single-pole, fo ur-pos ition nail s: woodsc rews ( I" long): cont ro l knobs 

(Radio Shack No. 276- 119 or similar) nonshorti ng rotary sw itch (4): hookup wire: solder: etc. 

S9- Momentary-act ion pushbutton switch 


+5 V 

In addition to being able to adjust the 
difficulty of play with the TI MING control , 
each player has a PLAY/ SELECT switch 
that he can use to attempt to prevent his 
opponents from scoring. With this 
switch, a player can elect to advance his 
own position on the board or cause an 
opponent to retreat one step. The latter 
strategy is useful when an opponent is 
getting too close to home and a player is 
will ing to sacrifice his own advancement 
to send him back. 

Fig. 4. The 555 operates at 
about 1 Hz, but i ts du ty cycle 
can be vctried by control R36. 

R39 
33011 
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- - -+\ H H H IIC9 mo rn1 Ic12 Fig. 6. Actual-size etching 

s
and drilling guide is shown 

58 J 3=._ J-==-- I J _JJ_ --=~~==--sea ct bove with component layout 
SGB \ S7B 

J Jll Jll J JI cit /.eft. E xternal connections
I ~k l~RR~RR~ are also shown at left.S9 --RF' L.:_J 22 ~3L..::_J24~5~ 1srL.::_J 2

R 

1e11 
S4 
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 IJ :lj
MTG . 

6.3V 
+5V 

Fig. 5. Power 
supply is 
conventional 

Fl regulated 5-vo lt 
system. 

l/2A 

About the Circuit. The complete 
schematic diagram of this game is 
shown in Fig. 1 through Fig. 4, while the 
power supply common to all circuits is 
shown schematically in Fig. 5. Starting 
with Fig. 1, when a player presses his 
SCORE button (S1 , S2, S3, or S4) , the in
puts of the appropriate NANO gate in 
IC1 are grounded by the capacitor (C1 , 
C2, C3, or C4) . Since the inputs to the 
NANO gate are also connected to the 
common + 5-volt line through separate 
100-ohm resistors, the capacitor quickly 
charges, returning the output of the gate 
to its original low state. When the SCORE 
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Learn electronics easier... 

MONEY-BACK 

GUARANTEE 


We're so confident you will 
enjoy and benefit from these 
five courses, that if for any 
reason you are dissatisfied, 
we will refund the full pur

chase price of the 
course text material. 

~~· - .."""'" ' · ~, " · 
........... 
 11 

1· _..,.-.
l HEATHKIT 

l·, coim"~ 
~ 

1 

with HEATHKIT 

Unique Heathkit Electronics Courses are 

designed to provide you with a complete 


overview of basic and advanced electronics. 

You learn at your own pace, without 


pressure or deadlines, and all material is 

presented in a clear, logical , step-by


step fashion. It's the ideal, effective way 

to learn about electronics if you're a 


beginner, or to "brush up" on the 

latest techniques and theory. 


Courses start as low as $39Ti~s trainer) 

Thousands of people just like you have already learned electronics the 
easy Heathkit way - and you can, too. The secret is our efficient approach 
to self-learning with easy, step-by-step " programmed" instructions; audio 
records to introduce and reinforce key concepts ; self-evaluation quizzes 
to test your understanding; and interesting experiments that let you learn 
the easy "hands-on " way. All you need is a record player, small tools and 
a VOM. The optional Heathkit experimenter/trainer is specifically designed 
to help you do the experiments in each course, and when you finish the 
course, you can use it to design and breadboard your own circuits. After 
completing each course, you can take the optional final exam (passing 
grade 70%) and receive both a Certificate of Achievement and Continuing 
Education Units, a nationally recognized way of acknowledging participa
tion in non-credit adult education . 

Heath Company, Dept. 10-271 Benton Harbor, Michigan 49022 



faster...at lower cost... 

Self-Learning Courses! 


COURSE 1: DC Electronics 
An ideal introduction to electronics. Covers cu rrent, voltage, 
resistance, magnetism, Ohm's law, elect ric al measurements, 
DC circuits, inductance and capacitance. Discusses matter, 
atoms, current, f low, voltage rises and drops, seri es and pa r
allel connections, magnetic fields , vol tage d ividers, network 
theorems , more. Includes text , records and 56 parts fo r 20 dif 
ferent experiments. Average completion ti me, 20 hours. 2.0 
Continu ing Education Units and certificate for passi ng option
al final exam. 

Course EE-3101 ...... ... . . . .. ...... . .. . . ..... .. .. 39.95 

COURSE 3: Semiconductor Devices 

Essential for understanding latest solid-state equipment. 
Covers fundamentals , diodes, zener diodes, spec ial diodes, 
bipolar transistor operation and character isti cs , FET's, thy
ristors , integrated circuits and optoelect ronics. Discusses 
holes, current flow, N and P types , bi asing, tu nnels and 
varactors , PIN , IMPATT, gain, cutoff and leakage cu rrent , 
SCR's, bi-directional triodes , light sensitive and li ght emitting 
devices, more. Includes .text , records and 27 parts for 11 d if
ferent experiments. Average completion tim e, 30 hours. 3.0 
Continuing Education Units and certificate for passing opt ion
al final exam. 

Course EE-3103 . . .... .. ............ .. .. . ... . .... . 39.95 


Our most advanced self-learning computers and more. Assumes 
course prepares you for the completion of Heathkit courses 
world of computers and micro- 1 through 4 above, or equiva 
processors, with particular em- lent knowl edge. Th e special 
phasis on circuit design. Covers digi tal techniques experimen terI 
digital fundamentals, semicon- tra iner helps you perform all 
ductor devices for digital cir- the experiments in the course, 
cuits, digital integrated circuits, and when you comp le t e t he 
Boolean algebra, flip-flops and course, build and design your 
registers, sequential logic cir- own circuits. Course includes 
cuits, combinational logic cir- text, records and 44 parts for 
cuits, digital design and digital 24 different experiments. Aver-
applications. Discusses TIL, ECL, age com pletion time, 40 hours. 
CMOS PMOS NMOS; integrated 4.0 Continuing Education Units 
circu'its ; SSI , MSI and LSI ; and a certi ficate for passing 
ROM's, PLA's, microprocessors, final exam. 

ORDER DIGITAL TECHNIQUES PROGRAM AND TRAINER .... $10995 

HEATH IM-17 VOLT-OHM METER 
All Electronic Learning Programs requ ire a VOM to 
make electrical measurements. We suggest the 
Heath IM-17 as the ideal " all-purpose" unit. All 
sol id state with FET inputfor better accu racy.Portable 
battery operation, zero and ohms adjust, accessory 
probe jack. Comes with DC polarity switch, three test 
leads; batteries not included. Easy 3 hour assembly. 

ORDER KIT IM-17 . ..... ..... . . . ... . ... $3295 


COURSE 2: AC Electronics 
Provides an understanding of most commonly used circuits. 
Covers altern ating current, AC measurements, capacitive and 
inductive c irc uits, transformers and tuned circuits. Discusses 
waveforms, period and frequency, meters, scopes, series and 
para ll el c ircui ts, RC f ilters, dividers, phase shifts, reactance, 
vectors, transfo rmer theory and characteristics, series and 
parallel resonance, more. Inc ludes text, records and 16 parts 
for 8 different expe rimen ts. Average completion time, 15 
hours. 1.5 Cont inuing Education Units and certificate for pass
ing optional fi nal exam. 

Course EE-3102 . . .... . . . .. . ... . ... . ... .. ...... . . . 39.95 


COURSE 4: Electronic Circuits 
Outstanding explanations of basic circu its. Covers basic ampli 
fiers, special purpose amplifiers , operational amplifiers, power 
suppli es, oscillators, pulse circuits, modulation and demodu
lation. Discusses amplifier funct ions and configurations, class 
of operation , aud io characterist ics, video amplifiers, buffers, 
IF's, rectifi ers, vol tage multipliers, voltage regulation , basic 
osci ll ators, RC w aveshaping, clipping , AM, FM and SSB, modu
lation fundamentals and more. Assumes knowledge of courses 
1 through 3 or equ ivalent and requires an oscilloscope for 
some experim ents. Includes text , records and over 110 parts 
for 18 d ifferent experiments. Average completion time, 30 
hours. 3.0 Conti nuing Education Units and certificate for pass
ing opt ional fi nal exam. 

Course EE-3104 ....... . ....... . . . .... . .. . .. . . . . . . 49.95 


HEATHKIT EXPERIMENTER/TRAINER 
For use with Heathkit Electron ics Courses 1 through 4 - helps you 
perform all the experiments quickly and easily. Has solderless bread
boarding sockets, dual variable power supply for positive and nega
tive voltages, sine and square wave signal source, center-tapped 
line transfo rme r. After you complete the course, the trainer is ideal 
for experiment ing and breadboarding with your own circuit designs. 

Kit ET-31 00 ... .. ...... ...• .. .. . .• •. . . • .. •.•. . ... $5995I 1---------------·
HEATH .--mnmrn·M414• Order Form/Agreement 
- -·- ··-··- Heath Company, Dept. 10-271 I Benton Harbor, Michigan 49022 

Pl ease send me items checked below and include FREE $7.95I value Wel ler Soldering Iron (GDP-1105). (See Order Card) 
O Send one course (checked below) with the Experimenter/TrainerI {ET-3100) at the special price of only $89.95 plus $3.00 sh ipping

and handI ing.I 0 DC (EE-3101) 0 AC (EE-3102) 0 Semiconductors (EE-3103)
O Send me the Electron ic Circuits Course (EE-3104) with the ExperI imenter / Trainer (ET-3100) at the special price ot only $99.95 plus 

$3.00 sh ipping and handling. 
O Send a// tour ot the courses above (EE-3101 , 3102, 3103, 3104)I with the Exper imenter/ Trainer at the special price of just $199.95 

plus $4.50 shipping and handling.. .
I In addition, please send the following co urses (less trainer) : 

0 DC (EE-3101) 0 AC (EE-3102) 0 Semiconductors {EE-3103)I for just $39.95 plus $1.50 shipping .and handling each. . . 
O Electronics Ci rcuits (EE-3104) fo r JUst $49.95 plus $1.50 shipping I and handl ing.
O Se nd me the Dig ital Techniques Course (EE-3201) with Us. Exper

I imenter / Trainer (ET-3200) for only $109.95 plus $3.00 shipping and 
handling . 

O Also send me that IM-17 VOM ki t to r just $32.95 plus $1 .50 shipI ping and handling. 
• Michigan resi dents add 4% sales tax. 

I enclose O check O money order tor S ; or, Charge to my:I O BankAmeri card Acct. No.______Exp. Date___I O Maste r Charge Acct. No. Exp. Date___I 0 If Master Charge, include Code No. 

Signature: X


I Name (please print)____ ____________ 


I ADDRESS------------------~ 

CITY_ _____ ___ STATE_____ZIP____I Popular Electronics ED-105
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GAME RULES 
·1-Rotate SPEED control clockwise to turn 

on power and adjust level of game dif
' ficulty. 

2-Press and.release RESET switch. 
3~hoose (by lot, with dice, or by cutting 

cards) starting player. 
4-First player begins by setting his PLAvI 

SELECT switch to his own color and try
"~ ing to press his SCORE button at exact 
· instant master L.:Eb turns on. 
5-lf a player is successful in scoring a 

point, his LED will advance one step. 
Whether or not the first player scores, 
next play goes to the next player in a 
clockwise direction around the board. 

!)L-When an opponent gets near the finish 
line, it is possible for any other player to 
move him 'back one step by setting his 
PLAY/SELECT switch to the other play
er's color and operating his SCORE but
ton. The same odds apply whether a 
player wishes t.o advance his own 
score ·or send another player back one 
step. A player who elects to send an 
opponent back forfeits his chance to 
score. 

7-First player to reach home is the win
ner. If desired, the game can be played 
to determine the second- and third
place winners. 

8-Players can mutually agree to change 
the rules to adc:i variety to the game. 

· · For example, instead of one play at a 
time, each player can be allowed to 
score as many points as possible in a 
given period of time. Another possibility 
is to allow each player two scoring at
tempts per turn. 'Jn this case, he can 
elect to score twice, move one or two 
opponents back, or move one player 
back and also score. 

R41 
22 K 

+s v 

R4 2 
I OK 

TO NE 

C9 
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button is released , the output remains 
low and the capacitor discharges 
through the 1 .2-megohm resistor until 
the circuit is again ready to generate a 
pulse. The RC charge/discharge time, 
consequently, becomes an effective de
bounce circuit. 

The output from the IC1 NAND gate is 
coupled to one input of NANO gate IC2, 
where it is combined with the output 
pulse from the clock generator (Fig. 4) . 
These gates determine if the player 
"scores" by detecting simultaneous in
puts to the IC2 gate. The logic rules for a 
two-input NAND gate require that if 
either input is low, the output will be 
high. Also, if both inputs are high, the 
output will be low. Hence, if the positive
going pulse generated by operation of 
the SCORE button and the positive-going 
clock pulse are present at the same in
stant, the output of that particular gate in 
IC2 will go low for the duration of the 
pulse-coincidence interval. If the two 
pulses do not occur simultaneously, the 
output of the IC2 gate will remain high, 
as it does between plays, and the player 
will not score. 

When each player has taken his turn, 
the next player has the option of either 
advancing his own position or sending 
his opponent's position back one step. 
He does this by setting his PLAY/ SELECT 

switch (SS through SB in Fig. 2) . This cir
cuit routes the player's pulse to the up
count input of his own counter (/CS, IC6, 
IC7, or /CB in Fig. 3) or to the down
count input of the opponent's counter 
selected by the PLAY/ SELECT switch . 

The up/down counters shown in Fig. 
3 will advance one count for each low
to-high transition of the up-count input 
when the down-count input is held high 
and the clear input is held low, the latter 
via S9 in Fig. 3. Conversely, the counter 
will back up one count for each high-to
low transition at the down-count input 
when the up-count input is held high and 
the clear input is held low. At the end of 
each game, S9 must be pressed mo

+ sv 

Fig. 8. Optional tone 
control can be connected 
to different portions of 
circuit (experimentally) 

R4 4 
56K 	 to m.ake the desired 

sound effect. 
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Fig. 7. Diagram shows lay out of 
top of prototy pe game. A rrows 
are co lor-coded on 18" f rame. 

mentarily to reset the system for a new 
game. 

The BCD output of each up/ down 
counter is decoded by a 1-of-10 decoder 
(IC9 through /C12 in Fig. 3) , with each of 
the 1O outputs connected to its own 
LED. Hence, there are 10 LED's for 
each player, all of which are driven by 
their own decoder. Only one LED at a 
time is on at any given time for each 
player. The glowing LED determines the 
player's position during the game. As 
the player advances position, the next 
LED toward the point of his arrow comes 
on and the position vacated extin
guishes. Needless to say, the player 
who reaches the point of his arrow first is 
the winner of the game. Because only 
one LED for each player is on at any giv
en time, only one current-limiting resis
tor (R30 through R33) is required for 
each player position . The absolute max
imum current output of the decoder 
specified in the Parts List is 10 mA. If 
you choose LED's that require more cur
rent, substitute 7445 IC's in place of the 
7441 's specified . The 7 445's are capa
ble of delivering up to 80 mA per output. 

The clock circuit shown in Fig. 4 con
tains a 555 timer-IC oscillator whose 
time constant is approximately one 
pulse/second. Adjustment of potentiom
eter R36 determines the on time of mas
ter indicator LED1. With the component 
values specified, the on time of the LED 
can be varied from about 0.01 to 0.1 
second . This particular time span was 
selected because most people have a 
reflex action time of 0.3 second or long
er. The intent here is that a player will 
not be able to wait for LED1 to flash and 
then try to score by operating his SCORE 

switch. To be successful in scoring, a 
player must anticipate the flash . For this 
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reason, the game challenges a person's 
timing skill, rather than his reflexes. 

Transistor 01 is used as an inverter 
and TTL level converter. The power sup
ply shown in Fig. 5 employs full-wave 
bridge rectification of the stepped-down 
ac and a 5-volt IC regulator. 

Construction. Except for the LED's, 
switches, and power supply, the com
plete circuit can be assembled on a sin
gle printed circuit board . The etching 
and drilling and component-placement 

Teach Yourself! 

Diaital Electronics 

These courses were written by experts in 
electronics and learning systems so that 
you could teach yourself the theory and 
application of digital logic. You work at 
your own pace and must respond by 
answering quest ions on each new piece 

.... .•....

.. . 

: ... ·. ·. · . 
~ 

. . . 
• • . ' t.II

Design of Digital Systems is written for the engineer 
seeking to learn more about digital electronics. Its six 
volumes - each 11-112 in. x 8-1 / 4 in. - ore 
designed to lead you stei>-by-step through number 
systems and Boolean algebra , ta memories, counters, 
arithmetic circuits, and finally ta a complete under
standing of the design and opercitian of calculators and 
computers . 

I ••• 
~~g 
Digital Computer Logic and Electronics is designed for 
the beginner . Na mathematical knowledge other than 
simple arithmetic is assumed . It consists of four 
volumes and serves as an introduction to the subject of 
digital electronics . Everyone con learn from it. 

SEVEN-DAY MONEY-BACK GUARANTEE 

Tachnolouv Trends PE377 
P.O. BOX 732 , MANHASSET, NY 11030 

PLEASE SEND ME: 

_sets of Design of Digital Systems at $19.88 


_sets of Digital Computer Logic and 


Electronics at $14.88 


_ se ts of both courses at $29.90 
(add $2 .50 shipping and handling) 

Enclosed is my check or M.O . for $___ _ 

Charge my: D BankAmericard D Master Charge 

No:______________ 

M.C. Bank No.____Exp. Date: ___ 

Signature----------- 

Name------------

Address;___ _________ 


City /State /Zip __________ 


LN.::'...!e~e!!!,! ~~ ~t:_S,!!!; ~e;,2;a!;.. _ 
CIRCLE NO . 59 ON FREE INFORMATION CARD 

guides for the pc board are shown in Fig. 
6. To conserve space on the pc board, 
pull-up resistors R9 through R20 mount 
directly on PLAY/ SELECT switches SS 
through SB. 

The playing field should be mounted 
in a frame that leaves enough depth un
der the field to accommodate the circuit 
board assembly and power supply. If 
you have a miter box, you can construct 
the frame with miter joints, in which case 
use four 19\12" (49 .5-cm) long pieces of 
1" x 3" {25.4 x 76.2-mm) pine. Other
wise, simple butt joints will serve just as 
well. Fasten the joints together with fin
ishing nails and white glue. 

Glue and nail the 1" x 2" (25.4 x 
50.8-mm) pine to the inner walls of the 
frame, spacing it :Ys" to Yi'' (9.5 to 12.7 
mm) from the top edge of the frame. 
This will provide a convenient platform 
on which to mount the playing field 
board. Smoothly sand and paint or var
nish the frame, making sure you do not 
paint or varnish the inside cleat. 

Smoothly sand and paint the top sur
face of the playing field board white. 
When the paint has completely dried , 
drill the LED and control holes as illus
trated in Fig. 7. Then paint on the color 
coded arrows. Apply a liberal bead of 
white glue to the upper surfaces of the 
cleats and lower the playing field board 
into place. Weight down the board with a 
few books until the glue has set. 

Mount the LED's in the playing field 's 
holes, using small dots of glue to hold 
them in place . Then mount the four 
SCORE, four PLAY / SELECT, and single 
SPEED controls in their respective loca
tions. The main circuit board and power 
supply can be mounted on the peg 
board used as the bottom plate of the 
project. Route the line cord through one 
of the holes on the pegboard , after first 
enlarging it. Secure the bottom plate to 
the frame with eight woodscrews. Finally 
at1ach rubber feet to the frame . 

Sound Effects. If you want sound ef
fects with your game, you can use the 
experimental circuit shown in Fig . 8. 
This circuit employs driver transistor 02Ito trigger programmable unijunction 
transistor 03. It can be connected to 
various points in the main circuit, such 
as the master LED, to produce an audi
ble " beep" when the LED flashes. 

You can try wiring a 555 into the cir
cuit to serve as an oscillator that pro
duces various sounds. As an example, 
you can set the sound-effect system to 
produce a low-pitched tone for an un
successful scoring attempt and a high
pitched tone for a successful attempt. <> 

You can go into business for 
yoursel f in the city or community 
of your choice as a Western Auto 
owner. 
Western Auto helps with your 
site selection and with your lease. 
We have a " total" program 
including training, advertising, 
bookkeeping, display and financ
ing of customer purchases. 
We have no contract fee, fran 
chi se fee or royalty on sales. 
Your investment goes into your 
store and cash operating reserve. 
If you quali fy for a Western 
Auto loan we can even help you 
finance your store, where you 
can be your own boss. 
Why don't you join the 500 peo

ple who become Western Auto 

Associate Store owners each 

year? For more information, call 

today TOLL FREE 


1-800-821-7700 

Ext. 818 


Missouri Residents Call 

1-800-892-7655, Ext. 818 

"" r- - - - - - - - - -~g:o-,
Mail ta : R. T. Renfro, V.P., ; • ! II Western Auto '> ::

I 2107 Grand Avenue , ' • ~~® I 
Kansas City, Mo. 64108 ~0c ...."(\ 

I I'd like ta know more about owning my own I
I Weste rn Auto store. Please send free I 
I information. I 
I Name I 
I Address I 
I City State Zip__ I 
I Phone eoe•c•c J1 11 I 

: \ WES'TERN AU1'0; : .., ••••!~ 

OVER 4,000 ASSOCIATE STORES IN 40 YEARS. 


CIRCLE NO. 62 ON FREE INFORMATION CARD 
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Solid State 

TACHOMETER-SPEED SWITCHES 

LAST November, you may recall , we discussed a number 
of lesser known semiconductor devices which we dubbed 

rara avises-rare birds. This month, let's take another visit to 
the rare-bird house and examine a family of interesting spe
cial-purpose IC's introduced recently by the National Semi
conductor Corporation (2900 Semiconductor Drive, Santa 
Clara, CA 95051 ). As shown in the functional block and pin 
connection diagrams, Fig. 1, the family includes four mem
bers-types LM2907, LM2907-8, LM2917, and LM2917-8. 
Described as "tachometer-speed switches," all four devices 
use the same basic monolithic chip, and each comprises a 
frequency-to-voltage converter and op amp/comparator. Sup
plied in 14-pin DIP's, the LM2917 differs from the LM2907 in 
that an on-chip zener regulator circuit is connected in the for
mer to provide extra input protection. The "8" suffix versions 
are assembled in 8-pin DIP's and differ from the standard con
figurations in offering a ground-referenced input together with 
an internal connection between the frequency-to-voltage con
verter (tachometer) output and the op amp noninverting input. 
All four IC's can sink or source output currents of up to 50 mA, 
offer a typical linearity of ± 0.3%, can dissipate up to 500 mW, 
and are designed for operation on de sources of up to a max
imum of 28 volts . 

LM2 907 -8 

By Lou Garner 

Despite their special-purpose designation, the tachometer
speed switches are exceptionally versatile devices and may 
be used in a variety of exciting and valuable projects. Depend
ing on the peripheral circuitry and types of input and/or output 
devices used, these IC's can serve effectively in speed 
alarms, over/under speed monitors and controls, frequency
to-voltage converters, speedometers, breaker-point dwell me
ters , speed governors, tachometers, cruise controls, touch- or 
sound-activated switches, automatic door lock, clutch and 
horn controls , capacitance meters, delay switches, and anti
skid sensor/controls. Operating on 6-to-28-volt de supplies, 
the devices can be driven by voltage or current sources or by 
special sensors, such as magnetic pickups, and can be used 
to drive LED's, power transistors, relays, SCR's, meters, and 
similar units requiring currents of up to 50 mA. 

Although the tachometer-speed switch internal circuitry is 
relatively complex, its basic principle of operation is compara
tively simple and straightforward . An external pulsating de or 
ac signal, derived from a sensor or other source, is applied to 
a differential amplifier driving a positive feedback flip-flop. The 
flip-flop, in turn, controls a charge pump which charges or dis
charges an external capacitor between two voltage levels. 
The capacitor's average pump current is directly proportional 
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to the supply voltage, the capacitor's value, and the charging 
rate. Since the capacitor's value is fixed and the supply volt
age constant, the pump current is directly proportional to the 
input frequency. Parallel drivers furnish a current identical to 
the pump current to an external load resistor, bypassed by a 
second capacitor to filter the ac ripple components. As a re
sult, the average de voltage across the external load resistor 
is also directly proportional to the input frequency. This portion 
of the IC-the input differential amplifier, flip-flop , and charge 
pump--<:onstitute a basic frequency-to-voltage converter, or 
tachometer. 

The tachometer section's outputis coupled to an operation
al amplifier driving a medium-power-output transistor. De
pending on the external connections, the op amp may be op
erated either as a conventional amplifier or as a voltage com
parator. If the op amp is used as a voltage comparator, its out
put remains essentially at zero until the input frequency 
(hence the tachometer section's output voltage) reaches a 
predetermined value established by a fixed bias applied to its 
inverting input terminal. Driven by the op amp, the output tran
sistor, an npn type, has uncommitted emitter and collector ter 
minals, permitting it to serve either as a sink or source to an 
external load device such as a meter, LED, etc. 

Typical application circuits for the tachometer-speed switch 
IC's are illustrated in Figs. 2, 3, and 4. Abstracted from the 14
page data brochure for the LM2907 /LM2917 family published 
by National Semiconductor, these circuits are intended as 
general guides rather than as detailed construction plans and 
are suitable for use by more advanced experimenters and 
hobbyists as well as technicians and engineers. In some 
cases, not all component values are specified , for these must 
be determined by the individual designer to meet his specific 
performance requirements or to match external load devices, 
such as meters. On the other hand, as long as good wiri ng 
practice is observed, neither layout nor lead dress should be 
overly critical , permitting the individual designer/ builder to use 
his own choice of assembly techniques, including pert board, 
pc board, or chassis construction and point-to-point wiring. 
Generally, all resistors are half-watt units, all capacitors either 
low-voltage ceramic or plastic film types, and all external di
odes general-purpose devices. 

Featuring the LM2907-8, a minimum component tachome
ter circuit is given in Fig. 2A. Here, a variable reluctance mag
netic pick-up driven by a toothed wheel serves as the input 
sensor. The external charge pump capacitor is a 0.01 -µF unit, 
while a 100,000-ohm resistor bypassed by a 1 .0-µF capacitor 
serves as the tachometer section output load. The final output 
load is a 10,000-ohm resistor. In operation, the de voltage de
veloped across the output resistor is directly proportional to 
the input frequency and hence to the wheel rpm. If a suitable 
high-impedance voltmeter is connected across the output 
load, it can be calibrated directly in terms of rpm. 

A few of the many possible automotive applications for the 
tachometer-speed switch IC are illustrated in Figs. 28, 3A and 
38. A breaker point dwell meter circuit using the LM2917 is 
shown in Fig. 28, while engine rpm meter circuits using the 
same device are given in Figs. 3A and 38. The latter two cir
cuits clearly illustrate the different ways in which the power 
output transistor may be used to drive an external load . The 
first, Fig. 3A, uses an emitter resistor as the output load to 
drive a de voltmeter. With the component values given, an 
output of 6 volts de is developed across the 10,000-ohm emit
ter resistor with an input frequency of 400 Hz, representing an 
8-cylinder engine speed of 6000 rpm . The second design, Fig. 
38, employs a milliammeter as the output transistor's collector 
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0 ONE THIRD LESS CIRCUIT LOADING to make 
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10 megohm. 
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-· ,, sure that your meter is working and not in the repair 
shop. Drop it from 10 feet, apply 1000 volts ove r
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Sencore digital s keep right on working. 

Fig . 2. Basic Tachometer (A) 
and dwell meter (8) circuits . 
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load and thus represents a current-driven approach . In opera
tion, an output current of 10 mA is developed with an input fre
quency of 300 Hz, representing a 6-cylinder engine speed of 
6000 rpm. 

Four of the many other potential applications for the ta
chometer-speed switch are illustrated in Fig. 4, including a 
zener regulated frequency-to-voltage converter featuring the 
LM2917 -8, Fig. 4A, a direct-reading capacitance meter, Fig. 
48, a finger touch (or contact) switch, Fig. 4C, and an over
speed alarm indicator, Fig. 4D. The last three circuits all em
ploy the LM2907-8. Using the 60-Hz ac power line as its input 
test signal source, the capacitance meter, Fig. 48, develops a 
de output of 1 to 1 O volts across its emitter load resistor with 
Cx values of 0.01-to-0.1-µ.F and the calibration resistor , R, set 

at 111,000 ohms. A suitable high-impedance voltmeter con
nected across the emitter load may be calibrated directly in 
terms of capacitance. The touch switch circuit, Fig. 4C, uses 
the LM2907-8 to drive a standard J-K flip-flop . In operation, 
the flip-flop's Q output terminal goes "hi" and " lo" alternately 
each time the contact plate is touched. Depending on the in
tended application, the flip-flop's output may be used to oper
ate a relay, indicator lamp, counter, or other circuitry. Finally, 
the overspeed indicator circuit, Fig. 4D, flashes a LED when 
its input frequency equals or exceeds a predetermined value . 
Thereafter, the flashing rate rises as the input frequency in
creases beyond the initial trip point. With the component val
ues given, flashing begins with an input frequency of 100 Hz 
or more. This range may be changed, however, by changing 
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the value of the charge pump capacitor (indicated as 0.033 
microfarads) . 

Reader's Circuits. Our correspondent in Florida, Ted Reit
er (1442 Brook Drive, Titusville, FL 32780). is back again this 
month with more of his interesting circuits. Feeling that many 
of his fellow experimenters might require time sequencing cir
cuits for their projects, Ted suggests the designs given in Fig. 
5 as simple solutions for problems which might otherwise re
quire relatively complex circuits or expensive components. An 
"active low" sequencer circuit is shown in Fig . 5A, an "active 
high" in Fig. 5B. Both require only a 555 timer, a SN7495N 4
bit shift register, and a minimum of additional components. 
Both are designed to operate on a standard 5-volt de power 
supply. Finally, both are not overly critical as far as parts 
placement and wiring dress are concerned and, therefore, 
may be duplicated with any preferred construction technique 
from solderless breadboarding to pc board assembly. 

Referring to the active low sequencer circuit, Fig . 5A, the 
555 is wired as a pulse generator or "clock," with its pulse rate 
(frequency) adjustable by means of a 1-megohm potentiome
ter. In operation, the shift register outputs at pins 13 (A), 12 
(B), 11 (C), and 10 (D) are high initially. When normally closed 
switch S1 connected to mode input pin 6 is opened momen
tarily, the next negative-going clock edge switches pin 13 (A) 
to low. Each following negative edge then moves the low one 
position to the left from A to D. In logic symbols, using " 1" for 
high and "O" for low, the sequence is as follows: 

D-C-8-A 
Originally: 1-1-1-1 
Initiate: 1-1-1-0 

1-1-0-1 
1-0-1-1 
0-1-1-1 

Recycle : 1-1-1-0 
1-1 -0-1 

and so on, recycling as long as power is supplied and the 
clock is on . Using the same clock circuit, the active high se
quencer operates in similar fashion, except that the shift regis
ter outputs are low (logic 0) initially and a high (logic 1) is se
quenced from A to D after the initiate button is pressed. The 
clock frequency, of course, establishes the cycling rate . 

Although the sequencer outputs are shown in logical order, 
they can be used to operate external circuitry or devices in 
any order desired, provided the user remembers that the "A" 
output is active (high or low) before "B," " B" is active next be
fore "C," and so on . 

Sequencer applications are limited only by the imagination 
and skill of the circuit designer and by the types of peripheral 
circuitry or external devices controlled . Ted suggests, for ex
ample, that a sequencer could be used to cycle several lights 
on and off for unusual displays, for sequencing several slide 
projectors for special color-slide presentations, for cycling a 
CB transceiver through several channels, or for sequencing 
several audio tones in an electronic "doorbell," as indicated in 
Fig. 6. Other possible applications include the familiar turn in
dicator for autos (or bikes), for "bouncing" sound around a 
room by switching loudspeakers on and off sequentially, or for 
sequencing test operations in a laboratory. Generally, some 
type of interface device, such as a relay, power transistor, or 
SCR will be required between the sequencer output and the 
controlled device (lamp, loudspeaker, alarm bell, motor, or 
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Advanced Electronics 


Should your

•career in 


electronics 

go beyond 


TV repair? 
CREI prepares you at home 

for broader and more advanced 
opportunities in electronics

plus offers you special arrangements 
for engineering degrees 

There is no doubt television repair can 
be an interesting and profitable career 
field. TV repair, however, is only one of 
the many career areas in the fast growing 
field ofelectronics. 

As an indication of how career areas 
compare, the consumer area of electron
ics (of which TV is a part) makes up less 
than one-fourth of all electronic equip
ment manufactured today. Nearly twice 
as much equipment is manufactured for 
the communications and industrial fields. 
Still another area larger than consumer 
electronics is the government area. That 
is the uses of electronics in such areas as 
research and development, the space 
program, and others. 

Just as television is only one part of 
the consumer field, these other fields of 
electronics are made up of many career 
areas. For example, there are computer 
electronics , microwave and satellite 
communications, cable television, even 
the broadcast systems that bring pro
grams to home television sets. 

As you may realize, career oppor
tunities in these other areas of electron
ics are mostly for advanced technical 
personnel. To qualify for these higher 
level positions, you need college-level 
training in electronics. Of course, while 
it takes extra preparation to qualify for 
these career areas , the rewards are 
greater both in the interesting nature of 
the work and in higher pay. Further
more, there is a growing demand for 
personnel in these areas. 

Unlike most other home study schools, 
CREI programs are devoted exclusively 
to preparing you for careers in advanced 
electronics. All of CREI programs are 
college level. And CREI gives you both 
theory and practical experience in ad
vanced electronics. 

Unique Design Lab 
A unique feature of CREI training is its 
Electronic Design Laboratory Program, 
which trains you to actually design cir
cuits. It also helps you understand the 
theories of advanced electronics and 
gives you extensive practical experience 
in such areas as tests and measurements, 
breadboarding, prototype construction, 
circuit operation and behavior, charac
teristics of electronic components and 
how to apply integrated circuits. 
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Career Training at Home 


Only CREI offers this unique Lab 
Program. It is a complete college lab 
and , we believe, better than you will find 
in most colleges. The "Lab" is one of 
the factors that makes CREI training 
interesting and effective. And the pro
fessional equipment in this program be
comes yours to keep and use throughout 
your professional career after you com
plete the training. 

Engineering Degree 
CREI offers you special arrangements 
for earning credit for engineering de
grees at certain colleges and universities 
as part of your home study training pro
gram. An important advantage in these 
arrangements is that you can continue 
your full time job while "going to college" 
with CREI. This also means you can 
apply your CREI training in your work 
and get practical experience to qualify 
for career advancement. 

Wide Choice of Programs 
CREI gives you a choice of specializa
tion in 14 areas of electronics. You can 
se lect exactly the area of electronics 
best for your career field. You can spe
cialize in such areas as computer elec
tronics, communications engineering, 
microwave, CATY, television (broad
cast) engineering and many other areas 
of modem electronics. 

FREE Book 
In the brief space here, there isn ' t room 
to give you a ll of the facts about CREI 
co llege-level, home study programs in 
electronics. So we invite you to send for 
our free catalog (if you are qualified to 
take a CREI program). The catalog has 
over 80, fully illustrated pages describ
ing your opportunities in advanced e lec
tronics and the details of CREI home 
study programs. 

Qualifications 
You may be eligib le to take a CREI col
lege-level program in electronics if you 
are a high school graduate (or the true 
equivalent) and have previous training 
or experience in electronics. Program 
arrangements are available depending 
upon whether you have extensive or 
minimum experience in electronics. 

Mail card or write describing qualifications to 

OR I I
CAPITOL 
RADIO 
ENGINEERING 
INSTITUTE 

McGraw-Hill Continuing Education Center 
3939 Wisconsin Avenue Northwest 
Washington, D.C. 20016 

Accredited Member National Home Study Council 

GI Bill 
CREI programs 
are approved 
for training of 
veterans a11d 
servicemen 1111der 
the G.l. Bill . 
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other unit) if moderate to high power levels are involved, with 
the interface and controlled devices requiring a separate pow
er source. 

Device/Product News. If you're working with r-f circuits , 
either professionally or as a ham, you may want to investigate 
a pair of solid-state vhf and hf amplifier modules recently intro
duced by the Amperex Electronic Corporation (Hicksville, NY 
11802). Containing internal matching networks for broadband 
applications, each module will deliver better than 18 watts 
with a drive power of less than 150 mW when operated on a 
de supply of 12.5 volts . The BGY32 is designed for operation 
at 68 to 88 MHz, the BGY36 from 148 to 17 4 MHz. Their input 
and output impedances are matched to 50 ohms with no in
stability at VSWR's of up to 3:1 at all phase angles, but neither 
will be damaged with VSWR's of up to 50:1 through all phase 
angles at heat sink temperatures as high as 70°C. 

In addition to the new r-f amplifier modules, Amperex has 
announced a new full-wave silicon bridge rectifier designed 
specifically for use in semiconductor equipment. Designated 
type BY225-200, the rectifier has a maximum rms input rating 
of 80 volts and can supply an average output current of 4.2 A. 
Suitable for use at frequencies up to 400 Hz, the rectifier con
sists of four double-diffused diode crystals on a copper comb 
encapsulated in plastic. Capable of delivering up to 3 A with
out a heat sink, the device can be used in power supplies for 
musical instruments, audio amplifiers, boat equipment, bur
glar and fire alarms, battery chargers, microprocessors, and 
other equipment requiring up to 90 W output. 

The Fairchild Camera and Instrument Corp, (Analog Prod
ucts Division, 464 Ellis St. , Mountain View, CA 94042) is pro
ducing a hybrid voltage regulator capable of providing 5 A of 
regulated power at 5 volts with built-in short circuit and safe 
area protection. The voltage regulator, type 78H05KC, limits 
the maximum junction temperature of the power output tran
sistor to provide full automatic thermal overload protection. If 
the safe operating area is ever exceeded, the device simply 
shuts down rather than fail ing or damaging other system com
ponents. The device is supplied in a standard T0-3 package. 

Teledyne Semiconductor (1300 Terra Bella Ave ., Mountain 
View, CA 94042) has added two new up-down (reversible) 
counters to its growing family of high-noise immunity logic de
vices. The HiNIL 373 (decade) and 374 (hexadecimal) coun
ters feature master-slave flip-flops with active outputs trig
gered by a low-to-high level transition of either of two clock in-

I
1B 
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puts while the other is high. Pulsing one clock input causes 
the device to count up ; pulsing the other causes it to count 
down. Other features include the high noise immunity-3.5 V 
minimum, carry and borrow outputs for N-bit cascading, clear 
input independent of count and load, individual preset for 
each flip-flop, and synchronous operation. Furnished in stand
ard 16-pin plastic and ceramic DIP's, the HiNIL 373 and 374 
counters are suitable for critical control, medical instrumenta
tion and marine electronic applications . 

Motorola Semiconductor Products, Inc. (P. 0 . Box 20294, 
Phoenix, AZ. 85036) has added four new npn power Darling
tons to its expanding line of "Switchmode" products. Desig
nated types MJ10004, MJ10005, MJ10006 and MJ10007, the 
units are designed specifically for fast switching applications 
where high voltage, high current and high gain are required . 
Maximum currents are 40 A for the MJ10006 and MJ10007, 
both of which offer a minimum hFE of 40 (@ le of 2.5 A) , and 
50 A for the MF10004 and MJ10005, which offer a minimum 
hFE of SO (@ le of 5 A) . The devices feature typical fall and 
storage times of 100 ns and 850 ns, respectively , for the 
MJ10004/ 5 and 90 ns and 780 ns, respectively, for the 
MJ10006/7, when switching an inductive load of 180 µH with 
the devices clamped at their rated VeEx(sus) and at case tem
peratures of 100°C. The minimum VeEx(sus) at a case tem
perature of 100°C is 400 volts for the MJ10004/ 6 and 450 
volts for the MJ 1000517. 

Finally, RCA's Solid State Division (Box 3200, Somerville, 
NJ 08876) has added three new sensitive-gate SCR series, 
S106, S107, and S108, to its line of silicon-controlled-rectifi
ers. The new SCR's have an rms on-state current rating of 4 
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(8) Fig . 6. Possible application 
Fig . 5. Reader's sequencer circuits: of sequencer to an 
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FLIP-FLOPS AND DECADE 

WE HAVE previously seen (Febru
ary 1976) how a clocked flip-flop 

can be used as a binary counter. We 
built a two-bit binary counter from both 
halves of a 7473 dual JK flip-flop. And 
we assembled a limited range (0-9) four
bit counter from a 7490 decade counter, 
a medium-scale integrated circuit (MSI) 
which incorporates four flip-flops on a 
single chip. 

Now, let's see how to add an addition
al chip or two to the 7490 to make it a 
more versatile counter. We'll also exam
ine several ways to convert the 7 490 
into a divide-by-n counter. 

Binary-Coded Decimal. Four 
clocked flip-flops have the potential of 
counting from 0000 to 1111 in binary (or 
0 to 15 in decimal). The 7 490, however, 
is internally connected to automatically 
reset to 0000 when the count exceeds 
1001 (9) . This feature gives the decade 
counter its name and makes it ideal for 
converting binary information into a dec
imal format. 

A pure binary counter is very easy to 
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By Forrest M. Mims 

COUNTERS-PART 2 
build, but our decimal-trained minds 
would have considerable difficulty relat
ing to it. It's not too hard to learn the bi
nary equivalents of 0-9, but how about 
the binary equivalent of a number like 
215? The binary number in this case re 
quires 8 bits and is a very cumbersome 
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F ig. 1. How to connect two or 
more 7490 counters in series. 
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Fig. 2. Converting 4-bit BCD output of 7490 to decimal. 

POPULAR ELECTRONICS 96 

L 



Fortunately, there's an easier way to 
work with binary numbers. It's called bi
nary-coded decimal or BCD for short. 
The four-bit outputs of individual 7490's 
can form a binary-coded decimal num
ber. The elegance of BCD is its simplic
ity. Since each counter stage represents 
one decimal digit position, only the bi
nary equivalents for the digits 0-9 need 
be learned to interpret the pattern of 
glowing LED's connected to each 7490. 
For example, assuming a dark LED is 0 
and a glowing LED is 1, 215 would be 
represented in BCD as 0010 0001 0101, 
instead of 1101O111 in pure binary. 

It's not even necessary to memorize 
any binary numbers to read a BCD LED 
display since you can use a simple trick 
to convert any binary number to its deci
mal equivalent. Here's how it works : The 
positions of bits in a binary number rep
resent ascending powers of two (just as 
the positions of digits in a decimal num
ber represent ascending powers of ten) . 
For example, the decimal values for 
each position in a four-bit binary number 

-1-51/ 

~ 13 

5 

2

3 

6 

A A 

7'17~ 
,:; B 

c c 

16 

IS 

10 

TO 
7447 

7 D D 
'? 

a. 

Fig. 3. How to connect a latch 
between a 7490 counter 
and a 7447 decode1" 

are: 23 -2 2 -21-2° or simply 
8-4-2-1 . This means that by ignoring 
the O bits and adding the powers of two 
at the positions with a 1 bit you can 
quickly arrive at the decimal equivalent 
for a binary number. For example, 1001 
is 9 (8 + 0 + 0 + 1), and 0111 is 7 
(0 + 4 + 2 + 1). 

The 7490 Decade Counter. A look 
at the pin diagram of the 7490 shows its 
lour output pins are given the conven
tional BCD designation DCBA. The pin 
diagram doesn't reveal a carry pin so it 
would seem the 7490 cannot be used for 
multiple digit applications. Fortunately, 
however, it's possible to use the D out
put as a carry pin. All that's required is to 
connect pin 11 of the 7490 in the first 
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counter stage to the A input of the 7490 
in the second stage (pin 14) as shown in 
Fig. 1. This neat solution to the absence 
of a carry pin works since the 7490 in the 
second stage triggers when the count 
from the first 7490 recycles from 1001 
(9) to 0000. Also, it can be applied to a 
succession of counter stages. 

Several counter stages can be used 
to make an eight-, twelve-, sixteen-, or 
more bit BCD counter. Each counter's 
four-bit row of LED's would represent a 
single BCD digit. But though this ar
rangement is very economical, it's not 
as convenient as a digital output. 

When you're miles from 
help, you need a CB 
antenna that reaches for 
miles and miles. It could be 
your only link to safety. So 
saving a couple of dollars 
on a cut-rate brand could 
cost you. 

But the price of an 
A/S antenna is worth the 
extra you might pay - just 
for the peace of mind. 
Every single A/S antenna is 
hand-tunedandtestedfor 
23- and 40-channels. 
That's the kind of care 
and quality control that 
makes A/S the choice of 

The 7447 7·Segment Decoder. 
One way to convert the four-bit BCD out
put of a 7 490 into a decimal format is to 
use a diode matrix read-only memory 
(ROM) programmed to light one of ten 
LED's labeled 0-9. A more convenient 
approach is to use a ROM or array of 
gates connected to light the appropriate 
segments of a segmented 0-9 digital dis
play. There are several chips which will 
do this for you. 

Figure 2 shows how to connect the 
7447 BCD to ?-segment decoder/driver 
between a 7 490 decade counter and a 
common-anode segmented LED dis-

police departments, 
truckers and safety people 
everywhere. Andthat'swhy 
A/S has been the leader in 
antennas for 24 years. 

So look for the red 
and black A/S stripes. 
You'll be heard when you 
have to be heard. We'll bet 
our A/S on it. 

the antenna specialists co. 
12435 Euclid Avenue, Cleveland, Ohio 44106 · a member of The Allen Group, Inc. 
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play. The 7447 includes several useful 
features. Grounding the lamp test input 
(pin 3) will light all seven segments of 
the display. Grounding the ripple blank
ing input (RBI; pin 5) will blank the dis
play if a O is being displayed. And 
grounding the ripple blanking output 
(RBO; pin 4) will blank the readout no 
matter what digit is being displayed . 

The 7475 Four-Bit Latch. The mul
ti-digit counter circuit in Fig . 1 is ade
quate for counting a series of events or 
the passing of time up to the maximum 
digit capability. Many counting applica
tions, however, require the measure
ment of frequency (the count rate per 
unit time) . For example, a frequency 
counter counts the number of incoming 
pulses during a preset time interval (say, 
1 second), then recycles and begins 
counting again. In cases like this the 
7490 is always busy counting and all 
seven display segments will blur into a 
meaningless "8" if the count exceeds 
several pulses per second. 

The simplest way around this problem 
is to connect a temporary memory be
tween the 7490 counter and the 7447 
decoder. The ubiquitous flip-flop comes 
to our rescue again, this time in the form 
of a four-bit data register called the 7475 
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Fig. 4. How to use the 7490 
as ct divide-by-n counte1-. 

quad-latch. This handy chip contains 
four flip-flops and interfaces between 
the counter and display circuitry as 
shown in Fig. 3 

The 7475 accepts BCD data and 
passes it to the display when its clock in
puts (pins 4 and 13) are high (unground
ed). When the clock inputs are ground
ed , the 7475 stores whatever data was 
last present at its inputs and the display 
is activated accordingly. 

7490 Divide-by·n Circuits. So far, 
we've covered the most important dec
ade counter applications for the 7490. 
By now, in fact , you should be able to 
trace your way through much of the cir
cuit diagram of a professional frequency 
counter! The 7490 has a number of di
vider applications also, and Fig. 4 shows 
how to connect it to achieve division. 

The divide-by-2, 5, and 1 Ocircuits are 
made possible by the internal arrange
ment of the 7490 as a single flip-flop and 
three interconnected flip-flops . The di
vide-by-3 and -6 circuits are made pos
sible by connections between the BCD 
outputs and the appropriate reset inputs 
of the 7 490 which automatically reset 
the counter to 0000 when the desired 
count is reached . The result is one pulse 
out for every n pulses in . <> 

STOP BURGLARS! 
with 

''SONAGlUJA~lD 77 

The SONAGUARD PORTABLE INTRUSION ALARM 

A fully-portable, self contained unit that keeps burglars 
away. The SONAGUARD sets up an audible sound pattern 
that covers over 10,000 feet. Any thief who tries to get into 
your place and breaks that pattern will find that the SONA
GUARD blasts out an audible pitch that stops any burglar 
instantly from doing what he set out to do. 

For Further Information, call or write: 

SONAGUARD 

Somerville, Mass. (617) 623-3200 

WE ALSO CARRY A COMPLETE LINE OF ALARMS FOR YOUR CAR, TRUCK , CAMPER , 
MOTOR HOME. 
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RECEIVING SSB 
Q. I have a Heathkit SW-717 short
wave receiver that works very well, 
but I can't copy most ham voice sta
tions. They all sound garbled. I was 
told that this is normal as they are us
ing single sideband transmitters. Is 
there a circuit I can build that will en
able me to understand what they're 
saying?-Harry Muller, Elkins Park, 
PA. 

A. What you need is a beat frequency 
oscillator or bfo to re-insert the sup
pressed carrier of the SSB signals. The 
circuit shown will work with your receiv
er. Its output signal can be introduced at 
either the 455-kHz i-f strip or at the diode 
detector. In some cases, merely con

+15-2 0V 

. 5µF 

necting a length of hookup wire to the 
output and positioning it close to the i-f 
circuitry will provide enough coupling . 
Otherwise, you can connect the other 
end of the wire to the anode of the de
tector. Adjust the 10,000-ohm potenti
ometer for maximum output and the 
20,000-ohm potentiometer for greatest 
intelligibility. By the way, you will also be 
able to use this bfo for hearing Morse 
code signals. 

FAST AND SLOW SCAN TV 
Q. I recently read in an article cover
ing the Viking mission that TV trans
missions are being sent on the 20
meter band. As I understand it, the 
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By John McVeigh 

picture is converted into a 3000-Hz 
tone and sent by "radio." Is it possi
ble to convert these tones back into 
video and feed it to my TV receiver? 
lncidently, the call of the station 
sending the pictures is N6V. -Craig 
Keithley, Northridge, CA. 

A. The article was referring to slow-scan 
television, as opposed to the conven
tional fast-scan system broadcasters 
use. The great advantage of slow-scan 
is that it requires no more spectrum 
space ("bandwidth") to send a picture 
than is needed for a voice signal-about 
3000 Hz. However, the bandwidth of a 
communications channel has a direct in
fluence on the maximum rate at which 
data can be sent over the channel. Be
cause slow scan is a narrow bandwidth 
system, it takes much longer to send a 
picture over it than a fast scan link. The 
actual figures are about 8 seconds for a 
slow-scan picture as compared with 
1 /30th of a second for fast scan-but 
fast scan requires about 4 MHz (!) of 
spectrum space. If I recall correctly , the 
Viking project uses a slow-scan tech
nique for sending back pictures, requir
ing about 30 minutes for the entire im
age to be transmitted. 

The N6V station is a special events 
Amateur Radio station operating from 
the Jet Propulsion Laboratory in Pa
sadena. Although I did work it on 20
meter SSB (voice), I was not monitoring 
the station when they were sending 
slow-scan images of the "marscapes" 
received from Viking. Slow-scan pic
tures can not be applied directly to a TV 
set. They must be processed by a "scan 
converter"-a complex circuit that 
changes them to fast-scan signals. Scan 
converters are very expensive, and 
slow-scan images do not have the high 
resolution that fast-scan ones have. 
However, such books as The Radio 
Am2teur's Handbook and Specialized 
Communications Techniques for the Ra
dio Amateur (both published by the 
ARRL, 225 Main Street, Newington, CT 
06111) contain plans for SSTV monitors 
and adapters for use with oscilloscopes. 

PASSIVE MIXER 
Q. I would like to play a stereo tape 
deck through a monaural amplifier. Is 
there a network that will combine 
both channels?-John Riley, Bur
bank, CA. 

A. The circuit shown will combine the 
stereo input and provide a balanced 
monaural output. This passive mixer in
cludes an attenuation control which de
termines the amount of signal that will 
be passed to the power amplifier. You 

IK 

can set the playback level controls on 
the deck fairly high and cut back to the 
desired level by adjusting the 50,000
ohm potentiometer. 

RANGE OF CB HANDHELDS 
Q. I recently purchased a pair of CB 
handhelds which supposedly have 
an r-f power output of four watts. So 
far, I haven't been able to communi
cate with them over a range greater 
than three miles or so. Is there any 
way I can increase their range with 
boosters, or whatever?-Bruce Leav
enwo.rth, New Preston, CT. 

A. First of all, "boosters" such as linear 
amplifiers are strictly prohibited. Penal
ties for use are severe, and the FCC is 
interpreting "possession" as implying 
"use." Therefore, I strongly discourage 
your thoughts along those lines. But I 
don't think that a 3-mile maximum is un
reasonable. That figure is typical for 
many mobile installations, and even 
though mobile antennas are not very ef
ficient, I think they perform better than 
the telescoping whips of handhelds. If 
your transceivers have external antenna 
jacks, try using a more efficient base or 
marine-type antenna. That's the only 
recommendation for increasing range 
that I can make. 

Have a problem or question on circuitry, compo
nents. parts availability . etc? Send it to the Hobby 
Scene Editor. POPULAR ELECTRONICS , One Park 
Ave .. New York. NY 10016. Though all letters can't 
be answered individually, those with wide interest 
will be published. 
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Product 
Test Reports 

OK MODEL WSU-30 WIRE-WRAP TOOL 

Manual Wire-Wrapping tool for solderless breadboarding. 

Experimenters and hobbyists , and even 
many engineers , generally reach for sol
dering iron and hookup wire when it 
comes to assembling a circuit. The more 
ambitious people lay out a printed circuit 
board , make the board , and then wire it 
in the conventional manner-still having 
to use a soldering iron . Recently , Wire 
Wrap has become a popular wiring me
dium, especially where hundreds and 
thousands of connections must be made 
in very complex projects . 

Though Wire Wrapping is not new to 
the electronics industry, it has been rela
tively rare among hobbyists. Now , a bat
tery of new and inexpensive tools is 
coming on the market. One such tool is 
the Model WSU-30 at $5.95 from OK 
Machine & Tool Corp . 

The Model WSU-30 Wire Wrap tool 
features all-metal construction. Measur
ing 4 Vi'' (11.4-cm) long , it weighs a mere 
0.5 ounce (15.5 g) . The tool serves three 
functions. First , it has a built-in stripper 
for removal of the special Kynar insula
tion used on Wire Wrap wire. Second , it 
is a manual Wire Wrapper . Finally. it is a 
wire unwrapper. 

General Details. The use of a Wire 
Wrap tool , such as the Model WSU-30 , 
carries with it several advantages that 
make it attractive to the engineer , exc 
perimenter, and hobbyist. Since it is a 
solderless wiring medium , it eliminates 
the need for a so ldering iron and , thus , 
the possibility of heat damage to compo
nents . While it is essentially a point-to
point wiring medium , Wire Wrapping al
lows you to make connections with a ra
pid ity that cannot be matched by crimp
and-solder joints. Furthermore , errors in 
wiring can be corrected and circuit modi
fications can be made in seconds . In 
sum , Wire Wrapping is much faster than 
traditional methods of wiring circuits . in
cluding pc board construction. which is 
not only messy to make but also ex
tremely difficult to modify. 

The use of the Model WSU-30 Wire 
Wrap tool is very simple . You start by in
serting the unprepared end of the wire in 
a V-shaped slot in the body of the tool , 
press down slightly on the wire to score 
the insulation , and then draw out the 
wire. The insulation parts neatly, leaving 
a bare-wire end . Next, you fe ed the bare 

Strip. Wrap. 

wire into a small hole in the wrap end of 
the tool , place the tool over a Wire-Wrap 
pin on either a socket or component pin, 
and rotate the tool clockwise . As the tool 
is rotated , the bare end of the wire wraps 
tightly around the pin. The recom
mended number of turns for an optimum 
joint is seven turns . 

Wire-Wrapped joints have high elec
trical and mechanical integrity because 
the relatively sharp corners on the wrap 
pins "bite" into the wire as it is wound 
around them under tension. Wire Wrap 
connections have been known to main
tain their mechanical and electrical in
tegrity for as many as 40 years. And 
tests reveal that the typical Wire Wrap 
joint has a contact resistance of less 
than 1 milliohm . 

To unwrap a connection , you simply 
invert the tool , slip it over the wrap pin , 
and rotate the tool counterclockwise . 
The wire comes away from the post 
neatly and easily . 

User Comment. We tested the Model 
WSU-30 Wire Wrap tool by assembling 
several circuits , one of which was a 
complex computer board . After making 
a few trial wraps to become familiar with 
the operation of the tool , the wiring went 
very quickly and easily . We found that, 
with a little practice we were making 
connections , including stripping away of 
insulation , at a rate of about one every 
10 seconds . 

We also had a practical opportunity to 
test the unwrapping feature of the tool . 
After our computer board was complete
ly wired , we had to make a modification 
that involved about three dozen conduc
tors . Again , the job went quickly and rap
idly . 

Comparing this new low-cost tool with 
an expensive motorized Wire Wrap tool , 
we determined that both produced the 
same high-quality, high-reliability con
nections, although we must admit that 
the mechanized tool had the edge when 
it came to speed . But the low cost of the 
Model WSU-30 had a big edge in the 
price catPgory. 

You can buy the Model WSU-30 Wire 
Wrap tool only, but it is a good idea to 
pick it up in the prepackaged kit form , 
which also contains a 50 ' (15.2-m) spool 
and stripped 1" to 6" (2.54- to 15.2-cm) 
lengths of Kynar insulated wire for 
$11 .95 . Spools containing 50 ' of wire 
are also available separately for $1.95 
per spool. The standard wire used with 
the Model WSU-30 Wire Wrap tool is 
AWG 30 silver-plated , Kynar insulated 
interconnection wire . 
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BALLANTINE MODEL 101 OA OSCILLOSCOPE enough in weight to carry from one job to 
another without tearing your arm from its Moderately priced, dual-trace, trigger-sweep, I 0-MHz-bandwidth scope. 
socket. It is also quite rugged, capable 
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To properly and efficiently perform 

design, troubleshooting, and 
maintenance of modern electronic cir
cuits, you need a full-featured oscillo
scope. It should have a relatively wide 
bandwidth, de coupling throughout, trig
gered sweep, and a frequency and inter
val counter that is not sensitive to wave
form shape . More than one input chan
nel will make such a scope all the more 
versatile. The Ballantine Model 1010A 
oscilloscope fills the bill for most modern 
electronics work. 

The Model 101 OA scope features a 5" 
(12.7-cm) flat-screen CRT; two fully in
dependent input channels that operate 
on either the alternate or chop mode to 
provide two traces from the single beam; 
dc-to-10-MHz bandwidth (at the 3-dB
down points); and triggered sweep. 

The scope measures 16 5/8"0 x 11 
3/8'W x ?"H (42.2 x 29 x 17.8 cm) and 
weighs 15 lb (7 kg). $595.00. A number 
of options are available, including the 
No. 10600 probe kit for $35, No. 10850B 
r-f detector probe to allow the scope to 
be used out to 700 Mhz for $85, a vinyl 
carrying case, and front-panel cover. 

General Description. The two iden
tical vertical input channels have a de
flection factor of from 20 mV to 20 volts/ 
cm. The deflection factor desired is se
lectable by a front-panel switch that has 
12 calibrated positions. The direct-cou
pled bandwidth is stated to be at least de 
to 10 MHz at -3 dB, while on ac cou
pling, the lower-frequency 3-dB-down 
point is at approximately 5 Hz. The input 
impedance, identical for both channels, 
is 1 megohm paralleled by 28 pF. Both 
inputs are protected up to 400 volts de or 
peakac. 

The triggered-sweep section has a 
range of from 1 µs to 0.5 second/cm in 
18 switch-selectable ranges. The ac
curacy here is stated to be within 5%. A 
x 10 magnifier, available at the flip of a 
front-panel switch , makes the fastest 
sweep 100 ns/cm. The sweep circuit 
also features a vernier control that is 
continuously variable between time
base steps. It extends the sweep to 1.25 
seconds/ cm. The sweep can be trig 
gered either automatically or manually 
from either channel 's signal or from an 
external ~ource. The three trigger cou
pling modes provided are AC, ACF (ac 
fast with low-frequency rejection) , and 
TVF (TV frame rate) . 

Each of the two vertical channels can 
be selected for single-trace display only. 
Setting the scope to the dual-channel 
mode allows both traces to appear on 
the CRT screen simultaneously, with the 
alternate or chop mode automatically 
selected by the choice of sweep speeds . 

In addition to intensity (Z-axis) exter
nal modulation, the scope also features 
a 1-volt ±2% square-wave output, avail
able at a jack on the front panel , that can 
be fed back into the scope for calibration 
purposes. This output signal 's frequency 
is the same as the line-power frequency . 
There is also a sweep-synced ramp out
put, available from a separate front
panel jack, that goes from Oto 1 O volts . 

The input to the power transformer 
can be selected to allow operation from 
95 to 260 volts ac, with line frequencies 
ranging from 45 to 400 Hz. 

User Report. Using an oscilloscope 
like the Model 101 OA is pure pleasure. 
Aside from the fact that it is a really ver
satile instrument, this scope is light 

of withstanding mechanical shocks that 
might ordinarily knock other scopes out 
of calibration. A couple of weeks of lug
ging it around in a field-service van con
firmed this point admirably. Needless to 
say, the Model 1010A is as good as a 
field-service performer as it is on a fixed 
rack (it is available in rack mount) and 
bench. 

Ballantine has not sacrificed creature 
comforts in keeping the price down. For 
example , all front-panel control knobs 
are large and have flutes for easy grip 
and manipulation. They operate 
smoothly and positively. And the knobs 
have full-length white index marks that, 
in addition to the large and easy-to-see 
panel legends, make settings easier to 
see and interpret than is usually the 
case. The flat-faced CRT has a P31 blue 
phosphor that is easy on the eyes, and 
its 8 x 10-cm graticule is clean and bold. 

Another nice feature is the carrying 
handle . It has a locking mechanism that 
can be set for carrying the instrument 
from one job to another or adjusted to 
serve as a tilt stand on a service bench. 
The heavy-duty aluminum handle has a 
plastic grip with molded finger ridges. 
This grip also serves as an anti-skid 
" foot" when the handle is used as a tilt 
stand. When the optional molded face
plate cover is in place and the handle is 
hinged up, the two lock together. On the 
test bench , we discovered that this 
scope could resolve nanosecond trigger 
waveforms that we presumed were 
beyond the limits of the instrument. 
Even at these extreme limits, the sync 
held rock steady, and the trace was 
quite " readable" at the very high writing 
speeds used. A hallmark of this scope is 
clearly its bright, sharp trace at high 
speeds. Performing calibration tests, we 
also determined that the scope operated 
well within its published specifications. 
After stints on a service bench and in the 
field , where we made no particular ef
forts to treat it with any special care, we 
again subjected the scope to calibration 
tests. There was no detectable differ
ence in any area we tested. 

Considering the versatility, perfor
mance, and portability of this general
purpose oscilloscope, we feel it is an 
especially fine value for the bench and 
for the field-service technician and seri
ous experimenter/ hobbyist. One can 
easily get less scope for the money than 
the Ballantine Model 101 OA. Equivalent 
specifications don't tell the whole story. 
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THE SOVIET PULSER 

PULSES at the rate of ten per second 
have been disrupting shortwave 

communications since the middle of last 
year. These clicks follow no particular 
frequency schedule, but they often fall 
within shortwave broadcast bands. Hav
ing one channel at a time disrupted this 
way would not be so bad, but a single 
transmitter of this type may spread over 
a 300-kHz range, messing up an entire 
band at once. And some monitoring sta
tions have reported three different pulse 
transmitters operating simultaneously. 

Several press reports on this have 
been widely syndicated. They result 
from complaints the FCC has been re
ceiving from amateur operators , point
to-point and maritime communications 

DX 
Listening 

By Glenn Hauser 

services using hf. It seems that the FCC 
has heard relatively little from shortwave 
listeners, who are less able to identify 
and combat this interference than "pro
fessional " users of the hf bands. In fact, 
reading the reports, one would never 
know that the pulsers cause havoc in in
ternational broadcasting. 

FCC and equivalent administrations in 
other friendly countries have pinpointed 
the signals as coming from either "the 
Baltic area," or somewhere near Minsk 
in the Byelorussian SSR. As a result , nu
merous official protests have been filed 
with Soviet authorities. 

In December, the USSR finally said it 
would try to reduce the disturbances in 
response to the complaints . 

Strong broadcast signals are capable 
of overriding the pulser, but it pops in be
tween channels , making reception of 
weaker stations impossible. If you hear it 
on a single frequency , it's probably be
ing relayed inadvertently, such as from 
BBC-Antigua or Radio Nederland
Bonaire. 

Some authorities believe the 10-per 
second rate is far too slow to detect air
craft, even though it can reach beyond 
the horizon. This leaves shipping in the 
North Atlantic as the most likely target
certainly beyond the range of conven
tional radar based in the USSR. Other 
engineers think the Doppler effect is 
used, with performance good enough for 
tracking aircraft, according to Mackes. 
He also observed one pulse transmis
sion centered on 6050 kHz, with 50-kHz 
bandwidth, followed by a CW station on 
the center frequency . We have noted 
the pulser at various times centered on 
5.980, 7.635, 9.150, 9.600 and 11 .715 
MHz. Reception correlates well with that 
of Radio Moscow transmissions from 
the same geographical area. 

Communications technicians in the 
Canadian north suspect the pulses had 
defense implications, as did Italian au
thorities last summer when the pulses 
first appeared, coinciding with NATO ex
ercises . 

More Change in the Air. Continuing 
our discussion of band reallocation, 
which began in the November 1976 DX 
Listening column, the present sharing of 
the 3- and 7-MHz bands between ama
teur radio and broadcasting has proven 
to be a terrible nuisance to broadcast
ers, hams, and listeners alike. There is 
no reason why this should continue 
beyond 1979. It is proposed that the 
hams give up the 3900-4000-kHz por
tion of 80 meters, while broadcasting 
gives up the 7100-7300-kHz portion of 
40 meters. Of course, the amateur radio 
lobby has launched its own campaign 
for expanded and· additional bands. 
There should be enough formerly IFPS 
spectrum for both broadcasting and 
amateur radio to have expanded, addi
tional , and exclusive bands. An ARRL 
representative has been observing the 
IBSG meetings. 

Mediumwave Band. The Medium
wave (or mf) bar:id has already been 
reallocated outside the Americas, with 
an effective date in the fall of 1978. All 
European channels will move 1-kHz 
higher, which will result in a different se
lection of DX possibilities for American 
listeners. Even more radical is the adop-

HEAR-IT-YOURSELF 

KIT 


This is a Speakerlab 7 , a 4. 
element acoustic suspension 
speaker kit you can assemble your· 
self in an hour with simple tools . 

It saves you up to 50 % over 
comparable ready made systems. 
Read about the S7 and other sys· 
terns and raw speakers we sell in a 
new 40 page catalog. It's a fact· 
packed manual with chapters on 
acoustic theory, enclosures, choos· 
ing drivers and design principles. 

And it's free. Just write us and 
ask for the most complete 
catalog I manual ever written on 
speaker building. 

.l''°!E~~!~~~~os 


The purpose of the pulses has been a 
matter of wide speculation. Jim Vasten
houd of Radio Nederland likens them to 
ionospheric sounders for scientific re
search . Larry Magne of IBA observes 
that they seem to " ride the MUF," which 
means they operate at whatever fre
quency is the highest that will propagate 
at any given moment. Bob Thomann of 
the Swiss shortwave service thinks they 
carry intelligence, using "shotgun com
munication" so that, if one frequency is 
blocked , another will get through . But 
other observers find no evidence of in
telligence in the transmissions. 

David Mackes, a radar authority in 
Baltimore, is certain that we have been 
witnessing a new kind of long-distance 
radar which is called over-the-horizon 
backscatter. 

Conventional radar uses more rapid 
pulses at super-high frequencies, which 
has the advantage of relatively high re
solution, being able to track swiftly-mov
ing objects . But the disadvantage is its 
limited range. 

Mackes says a wideband pulse is 
transmitted, but is compressed in the re
ceiver, making the pulse seem much 
greater in amplitude. He thinks linear FM 
is the modulation method ; that is, the 
signal is most likely being chirped. Fur
ther studies of the pulses on a spectrum 
analyzer should give the answer. 
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tion of Eurafrica's 9-kHz spacing, in 
stead of 10, in Asia and the Pacific. 
Though American DX listeners have had 
to tune for these areas on the same 
channels as domestic stations, the shift 
will open up many "splits ," allowing 
propagation and receiver selectivity to 
determine DX success , rather than do 
mestic interference! 

The IBSG has also considered chang
ing the present 5-kHz spacing in the hf 
bands to 7.5 kHz . This might appear to 
be a loss, rather than a gain , but the ar
gument is this : when combined with wid 
er bands, the increased spacing would 
mean a net gain of usable channels . Ev
ery channel could be used effect ively to 
the same area at the same time . Now, a 
channel 5 kHz away from a powerhouse 
on either side is best skipped, though 
some stations have to use such chan
nels for lack of anything better. For ex
ample, strong stations on 11 ,720 and 
11 ,730 would make 11 ,725 useless. If 
the strong ones were on 11 , 715 and 
11 ,730 instead, the 11 ,722.5-kHz chan
nel in the middle could also be used; and 
there would be no stations on 11,720 or 
11 ,725. 

Compatible single sideband would 

help make this work, replacing the pres
ent double sideband (AM) . In CSSB, the 
carrier remains, though it may be slightly 
reduced. But there is only one sideband. 
This means a "narrower" signal, still 
conveying the essential audio that is 
now needlessly duplicated on the other 
sideband. The remaining carrier makes 
it compatible-that is, receivable-on 
ordinary tuners, unl ike amateur SSB 
which suppresses the carrier. 

CSSB adoption would also make 
stereo broadcasting possible on hf by 
re instating the other sideband, but with 
right and left channel , rather than identi
cal audio. This would be restricted to 
single-hop transmission paths as fading 
would ruin shortwave stereo. The tech
nique for CSSB has been known for a 
long time . Stereo AM has already been 
tested at WFBR in Baltimore and XE
TRA, Tijuana. The proposal for 7.5-kHz 
spacing, CSSB, and shortwave stereo 
comes from Arthur Thompson of WYFR. 

Stereo shortwave may be a long shot, 
and there are no consumer receivers 
designed for it yet. However, two sepa
rate rece ivers-one tuned to the upper 
sideband, one to the lower- would pro 
duce the effect. O 

ENGLISH-LANGUAGE SHORTWAVE BROADCASTS FOR MAR . & APR. 
By Richard E. Wood 

TO EASTER N NORTH AMER ICA 

TI ME-EST , TIME-GMT STATION QUAL * FREQUENC IES, MHz 

6:00-6:25 a.m. 1100-1125 Tirana, Alb ania 

6:00-8:30 a.m. 1100-1330 London. England 


6:00-8:00 a. m. 1100-1300 Melbourne, Austra lia 
6:00-9 :00 a. m. 1100-1400 ' **VOA, Washingto n, USA 
6:05-7:25 a.m. 1105-1225 , Trans-World f. adio, 

Bonaire, N.A. 

6:30-9 :00 a.m. 1130-1400 " Montreal, Canada 


! (N orthern Service) 

6:45-7:05 a:m. : 1145-1205 " Montrea l, Canada 

7:00-7:30 a. m. 1200-1230 , Jeru salem, Israel 

7:00-7:55 a. m. 1200-1255 , Peking, China 

7:10-7:30 a.m. 1210-1230 '*Sa ntiago , Chile 

7: 15-7:30 a. m. 1215-1 230 Athens, Greece 

HCJB, Quito, Ecuado r 
7: 30-8:00 a.m. 1230-1300 Stockholm, Sweden 
7:30-11:30 a.m. 1230-1630 HCJB, Quito, Ecuador 
8:15-8 :45 a.m. 1315-1345 Berne, Switzerland 
8:30-9:00 a. m. 1330-1400 Helsinki, Finland 
9:00-9:15 a.m. 1400- 1415 ..Mon trea l, Canada 
9:00-9:30 a. m. 1400-1430 Oslo, Noiway 

Stockholm, Sweden 
9:00 a.m.-7:00 p.m. . 1400-2400 ..Montreal, Canada 

(N orthern Service) 

9:30-10:00 a.111. 1430-1500 . Helsi nki, Finland 

10:00-11 :00 a.m. 1500-1600 l London , England 


10:15-10:30 a.m. 1515·1530! Athens, Gree ce 
11 :00·11 :15 a.m. 1600-1615 · Lo ndon , England 

11 :00·11 :30 a.m. I 600-1630 Oslo, Noiway 
11:15 a.m.-1 :30 p.m. 1615-1830 London, England 

12 noo n-3:00 p.m. 1700-2000 ' **Kuwait. Ku wai t 

12:04·12 :56 p.m. 1704-1756 ..Paris, France


1 
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F 9.48, 11 .865 
G 5.99 (via Sackv ille), 

6.195 (via Antiqua). 15.07 
G 9.58 
G 5.9 55, 9.7 3 
G 11.815 

G 5.96, 9. 625 (inc lud es French, etc.) 

G 9.56, 11.72 
G 15.10, 17 .81 5 
F 11.685 
F 9. 566, 11.81, 15 .1 5 
F 15.345, 17 .83 
G 11.745 
G 15 .305 
G 11.7 45, 15.115 
G 15. 14 
G 15.17 
G 15.325, 17 .74 
G 17 .80 (Sun.) 
G 15.305 
G 9.62 5, 11.72 

G 15 .11 
G 17 .84 (via Asce nsion), Sa t. , Su n. also 

9. 58 (via Sackvi ll e) 
11.73, 15.345, 17.83 

G 9.58 (via Sac kvi ll e) 
17.84 (via Ascension) 

G 15.17 (Sun. ) 
G 9.58 (v ia Sackville) 
F 9.555, 11.845 
G 15.155, 15.20, 15.30. 15 .3 15, 17.72, 17 .85 , 

17 .865, 21.58 , 21. 62 

tip cover 

Window clearl y 
indicates di re ct 

or 10:1 position; 
pull-apart switch 
desig n prevents 

acc idental position 
switching. 

Model Connector Bandw. Matches 

PR30 UHF 10MHz 15-1 20pF 
PR31 BNC 10MHz 15-120pF 
PR34 UHF 15MHz 10-35pF 
PR35 BNC 15MHz 10-35pF 
PR36 BNC 50MHz 10-35pF 

Available for immediate delivery 
at your local distributor. Write 
for a free copy of the latest 
B&K-PRECISION catalog. 

BJl1J!Jlllll 

DYNASCAN 
CORPORATION 

6460 West Cort land Avenue 

Chicago , Ill ino is 60635 • 312/889-9087 

In Canad a: Atlas Electronics, Ontario 
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·I 	 t• 
1:00-1 :30 p.m. 1300-1830 1..Mo~treal, Canada G ~ 15.325, 17.82 
1 :30-2:00 p.m. 1830-1900 I**Montreal, Canada ' G i 9.685, 11.855 
2:00-2:30 p.m. 1900-1930 !..Montreal, Canada G t 9.625, 11.83, 15.325, 17.82 
2:00-3:00 p.m. 1900-2000 ...Algiers, Algeria I 9.78, 11.91, 15.42 (variable) 
2:00-5:00 p.m. 1900-2200 l .. Jeddah, Saudi Arabia F l 11.855 
2:30-3:00 p.m. G i 9.685, 11 855 

The 
1930-2000 1·'"'"""'· ''"''' 3:00-3:30 p.m. 2000-2030 	 ..Tehran. Iran F i 9.022, (11.77 alternate)''Click Jerusalem, Israel G i 5.90, 7.395, 9.815 

3:00-4:00 p.m. 2000·2100 Accra , Ghana F r1 i.85 
3:00-4 :20 p.m. 2000-2120 t..Hilversum, Holland G 11.73 (via Talala) 
3:50·4:50 p.m. 2050-2150 ••Havana, Cuba G ' 11.865, 17.75and Pop" 
4:00-4:50 p.m. 2100·2150 HJohannesbu rg, S. Afri~a G 7.27. 9.585, 11.80, 11.90 
4:00-5:00 p.m. .2100-2200 I **Brasilia, Brazil G t 15.245 (11.78 alternate) 
4: 15-5:45 p.m. I 2115-2245 London, England G i 9.58 (via Ascension). 

11.78, 15.26 (via Ascension)machine 
4:30-5:00 p.m. 2130-2200 Sofia, Bulgaria F 6.07. 9.70 
4:30-5:50 p.m. 2130·2250 Hilversum, Holland G 9.715, 11.73 (Sun.: Dutch) 
5:00-5 :15 p.m. 2200-2215 ! **Belgrade, Yugoslavia F 6.10, 7.24, 9.62 
5:00-5:30 p.m. 2200-2230 ..Montreal, Canada G 5.925, 9.445 

Oslo , NOJway I 11.87 (Sun.) 
..Caracas, Venezuela F 1 15.40 (varies, Mon.-Fri.) 

5:00-6:15 p.m. 2200-2315 i ..Cairo, Egypt G 9.805 
s;s;::::i...e: ~ ! .::" •!!. 1.=· •c:><=>c:> 5:00-7:30 p.m. 2200-0030 ! Ankara, Turkey G 9.515, 11.88 

5:30-6:00 p.m. 2230-2300 }Jerusalem. Israel G i 7.412,9.815.11.645, 12.025 
.. ilr:11r.~7 i' ' 


I I ~~ I 
 1 Moscow, U.S.S.R. G I 5.94, 7.105, 7.115, 7.15, 7.205, 7.355, 
';:,&-/- /.....,.,. ...~ 7.40, 9.655, 9.72,9.745, 11.77, 11.90' 

5:30-6:20 p.m. 2230-2320 I Johannesburg, S. Africa G 5.98, 9.585, 11.80, 11.90 
5:45·11 :30 p.m. 2245-0430 I London, England G 5.975, 7.325, 9.58 (via Ascension) 
5:50-6:10 p.m. 2250-2310 ' ..Santiago, Chile p 9.566, 11.81, 15.15 
6:00-6:30 p.m. 2300-2330 Stockholm, Sweden F 6.045, 9.605, 11.705Ever since the invention of the re

Moscow, U.S.S.R. G 5.94, 7.105, 7.115. 7.15, 7.205, 7.355, 7.40
corded disc annoying "clicks" and !Vilnius, U.S.S.R. ' 7.29, 7.32, 7.55. 9.655, 9.72 , 9.745, 11.77 
" pops" caused by scratches, static 11.90 (Sat., Sun.. ) 
and imperfections have 	 consistently 6:00-6:50 p.m. 2300-2350 f! *•Buenos Aires, Argentina G 11.71 (Mon.-Fri.) 

disturbed the listening pleasure of 
 6:00-8:00 p.m. 2300-0100 Mont rea l, Canada G 5.96 (Mon.-Fri.) 

6:30-7:00 p.m. 2330-2400 Helsinki, Finland p 11.755music lovers. !..Radio Clarin, S. 
[ Domingo, Dom. Rep. G 11.70 (irregular) 

6:30-7·:30 p.m. 2330-0030 i Moscow, U.$:S.R. G 5.94, 7.105, 7.115, 7.15, 7.165, 
Now, SAE introduces the unique model 

I
5000, an Impulse Noise Reduction 

7.205, 7.235, 7.355, 9.79 , 9.BOi .System which eliminates those un 6:45-7:00 p.m. 2345·2400 { ..Voice of Org. of f G 6.13, 9.64, 11 .74 
wanted sounds with no adverse effect , American S_tates 
on the quality of the recorded material. ' Washington, USA 


6:45-7:45 p.m. 2345-0045 i Tokyo, Japan F ~ 15.27, 15.30 

This breakthrough in electronic cir
 7:00-7:25 p.m. 0000·0025 	 Tirana, Albania G 7.065, 9.75 (varies) 

7:00-7:30 p.m. 0000·0030 r Oslo, Noiway F 6.185 (Sun.) 


that the SAE 5000 is destined to be

cuitry is so demonstrably effective 

7:00-7:55 p.m. 0000-0055 	 Sofia, Bulgaria ' 9. 705 (alternate 9. 70) 
Peking, China 11 .945, 15.06, 15.52, 17.673come an essential part of any sound 

7:00·9:00 p.m. 0000-0200 	 ** Luxemburg F 6.09 
system. 7:00-8 :00 p.m. 0000-0100 	 " VOA, Washington, USA G . 6.19 , 9.67, 11 .83, 11.895 

7 :00 p.m.-1 :06 a.m. 0000-0606 	 ••Montrea l, Canada : 6.065, 9.625The SAE 5000 is compact and sleek, (Northern Service)
built to SAE's exacti ng standards, and 7:15-7:30 p.m. 0015-0030 	 Athens, Greece 9.75, 9.76, 11.73 
ready to enhance the performance of 7:15-7:45 p.m. 0015·0045 l Brussels. Belgium ' 9.725 

7:30-7 :55 p.m. 0030·0055 , Prague, Czechoslovakia I F . 6.055, 9.74 
7:30-8:00 p.m. 0030-0100 : Stockholm, Sweden p ' 11.955 

any system, from the standard receiv
er /turntable combination, to the most 

• Kiev, U.S.S.R. G 7.15, 7.205 ,soph isticated audiophile components. 
Moscow, U.S.S.R. G 5.94, 7.105, 7.115 , 7.355, 7.40, 7 .44 

7:40 p.m.-12 mdt. 0040-0500 	 HCJB, Quito, Ecuador G 6.095, 9.56, 11.915SAE is proud to add the 5000 to their 
8:00-8:15 p.m. 0100·0115 	 Vatican, City G 5.995, 6.015, 9.605broad line of Comp onents for the 8:00-8:20 p.m. 0100-0120 	 Rom e, Italy G ' 6.01 . 9.575 

Connoisseur. 8:00·8:30 p.m. 0100·0130 Moscow, U.S.S. R. G 5.94, 7.105, 7.115, 7.205, 7.355, 
7.40, 7.44 

Vilnius, U.S.S.R. G 7.15, 7.215, (Sat., Sun.) 
Montreal, Canada G 9.535 

8:00-8:45 p.m. 0100-0145 , Berli n, Ger. Oem. Rep. p 9.73 
.I I e~ii====PE-3711 
I Scientific Audio Electronics, Inc. 8:00-8:55 p.m. 0100-0155 	 Pek ing, China G 7.12, 9.78 (via Tirana), 11.685, 11.945,

P.O. Box 60271, Terminal Annex 15.06, 15.52
Los Angeles, Cal. 90060 Prague, Czechoslovakia G 5.93, 7.345, 9.54, 9.63, 9.74 

8:00-10:00 p.m. 0100-0300 	 Melbourne, Australia F 15.32, 17.795Please send more information on the 
8:00-10:30 p.m. 0100-0330 Havana, Cuba G • 11 .725, 11.93 

8:00-11 :00 p.m. 0100-0400 Madrid, Spain G 6.065, 11 .88 (Mon..Sat.) 

8:10-8:30 p.m. 0110·0130 ..Santiago, Chile F 9.566, 11.81 , 15.15 

8:30-8:50 p.m. 0130-0150 Cologne, Ger. Fed. Rep. G 6.01, 6.04 (via Antiqua), 6.075, 


' 9.565, 9.605 
8:30-8:55 p.m. 0130-0155 Tirana, Albania G I 6.20, 7.30 

Vienna, Austria p . 6.155,9.77 
8:30-9 :00 p.m. 0130-0200 Moscow, U.S.S.R. G 5.94, 7.105, 7.115, 7.15, 7.205, 7.215, 

5000. 

City___________ _ _ 7.355, 7.40, 7.44, 9.705 
(alt. 9.70 via Sofia) 

8:30-9:25 p,,;,, 0130-0225____Zip _____ Bucharest, Rumania F 5.99, 9.57' 9.68, 11.775, 11.94 
8:45-9:15 p.m. 0145-0215 Berne, Switzerland G 5.965, 6.135, 9.725. 11.715 

State 
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9:00·9:30 p.m. 

9:00·9:55 p.m. 
9:00· 10:00 p.m. 

9:00·10:20 p.m. 
9:00· 10 :30 p.m. 
9:10-9:30 p.m. 
9:30·9:55 p.m. 
9:30·10:00 p.m. 

10 :00·10:30 p.m. 

10:00·10:35 p.m. 

10:00·10:55 p.m. 
10:00·11 :00 p:m. 

10:00· l 1 :26 p.m. 
10 :10·10:30 p.m. 
10:30-10:55 p.m. 

10:30· 1 l :30 p.m. 
l 0:30· 1 I :50 p.m. 
11:00·11 :15 p.m. 

11 :00-11 :25 p.m. 
11 :00·11 :30 p.m. 
11 :30 p.m.·2:3Q a.m. 
11 :50 p.m.-1 :00 a.m. 
12 mdt.·12:15 a.m. 
12 mdt.·2:00 a.m. 

TIME-EST 

3:00·3: 15 a.m. 

3:00-4:25 a.m. 


3:00-5:30 a.m. 

3:00·6:00 a.m. 

4:00-4 :1 5 a.m . 

4:00-4 :30 a.m. 

4: 104:30 a.m. 
4: 154:30 a.m. 

4:30·6;00 a.m. 


4:30·8:30 a.m. 

5:00·5 :15 a.m. 

5:30-7:00 a.m. 

6:00·6:30 a.m. 


6:00·7 :20 a.m. 

6:00·8:55 a.m, 

7:00·7:15 a.m. 

7:00·8:00 a.m . 

8:00·8:15 a.m. 

8:15·10:30 a.m. 
8:42·8:5 1a.m. 
9:00·9:15 a.m. 
10:00·10:15 a.m. 
10:00·10:30 a.m. 
11:00 ·1 1 :07 a.m. 
11 :00-11 :15 a.m. 
11 :00· a.m.-12 noon 
12.noon-12:15 p.m. 
12 noon·1 :20 p.m. 
1:00·1: 15 p.m. 
1: 15·3:00 p.m. 

2:00-2:15 p.m. 

2:00·2:30 p.m. 

2:00-4 :00 p.m. 

2:30·3:00 p.m. 

2:30-3:20 p.m. 

2:30-4 :30 p.m. 
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0200-0230 Budapest, Hungary 

Oslo, Norway 
Montreal. Canada 

0200-0255 Peking, China 
00-0300 Moscow, U.S.S. R. 

0200-0320 Hilversum, Holland 
0200-0330 Cairo, Egypt 
0210-0230 •• santiago, Chile 
0230-0255 Tirana, Albania 
0230·0300 Lisbon, Portugal 

Stockholm, Sweden 
0300-0330 Bud~pest, Hungary 

Kiev. U.S.S. R. 
0300-0335 , Warsaw, Poland 

0300-0355 Peking, China 
0300·0400 Buenos Aires, Argent ina 

Prague, Czechoslovakia 
Moscow, U.S.S.R. 

0300·0426 •·Johannesburg, S. Afri ca 
03 10·0330 '-Sant iago, Chile 
0330-0355 Tirana, Albania 

Vien na, Austria 
0330·0430 London. England 
0330-0450 Havana, Cuba 
0400-0415 Budapest, Hungary 

0400·0425 Bucharest , Rumania 
0400·0430 Oslo, Norway 
0430·0730 London, England 
0450·0600 Havana, Cuba 
0500·05 15 Jerusalem, Israel 
0500-0700 HCJB, Quito, Ecuador 

G 6.00, 7.2 15, 9.585, 9.833. 11.91 
(Exe. Sun. ) 

F 6.185 (Sun.) 
G 6.065, 9.535 

11.965, 12.055, 15.06 
G 5.94, 7.105, 7.11 5, 7.205, 7.355, 

• 9.705 (alt. 9.70 via Sofia) 
G 6. 165 (via Bonaire) 
G 9.475 
p 9.566, 11.81, 15.15 
G 6.20, 7.30 
F 6.025, 11.935 

6.045, 9.695 
F 6.00, 7.215, 9.585, 9.833, 11 .9 1 
G 7.15. 7.205, 7.24, 7.26, 7.40 
p 6.09 5, 6.135, 7.27, 9.675, 

11.815, 11.84 , 15. 12 
G 7.12, 9.78 (viaTirana) 
G 9.69 (Mon.·Fri.) 
G 5.93, 7.345, 9.54 , 9.63, 9.74 
G 5.94, 7.115, 7.355, 7.44 

3.995, 5.98, 7.27 
9.566, ! I.B l , 15.15 

G 6.20, 7.30 
p 6.155, 9. 77 
G 5.975, 9.58 (via Ascension) 
G 11.725, 11.76. 11.93 
G 6.00. 7.215, 9.585, 9.833, 11.91 

(Tues. , Fri.) 
F 5.99 , 6. 155, 6.19, 9.57, 9.68, 11.775. 11.94 
p 6. 185, 9.6 1 (Sun.) 
G 6.175 (via Antiqua) 
G 11.725, 11.76 
G 5.90, 7.412, 9.009 
G 6.05, 9.56 

TO WESTERN NORTH AMERICA 

TIME·GMT ' STATION 

1100-111 5 Toky o, Japan 
11 00·1225 Trans-World Rad io, 

Bonaire, N.A. 
11 00·1330 London , England 
1100-1400 --v oA. Washington. USA 
1200·1215 Tokyo, Japan 
1200· 1230 " Tashkent, U.S.S.R. 
121 0-1230 • · santiago, Chi le 
1215·1230 HCJB, Quito, Ecuador 
1230-1400 Trans·World Radio 

Bonaire, N.A. 
1230-1630 HCJB, Qui to, Ecuador 
1300·1315 Tokyo, Japan 
1330· 1500 ...Delh i, India 
1400·1430 Tokyo, Japan 

· • Tashkent , U.S.S.R. 
1400-1520 " Hi lversum, Holland 
1400-1655 Manila, Phil ippi nes IVO P) 
1500-1515 Tokyo, Japan 
1500-1600 London . England 

1600· 1615 Tokyo, Japan 
London, England 

1615-1830 London, England 
1642 -165 1 H ilversum, Holland 
1700·171 5 Tokyo, Japan 
1800-1815 Tokyo, Japan 
1800· 1830 Oslo, Norway 
1900-1907 •..Papeete, Tahi ti 
1900-19 15 Toky o, Japan 
1900-2000 Taip ei, Taiwan 
2000-201 5 Tokyo, Japan 
2000 -2120 •• Hilversum, Holland 
2100·2115 Tokyo, Japan 
2115·2300 Lond on , England 
2200-22 15 Tokyo, Japan 
22 00·2230 ""Caracas. Venezuela 
22 00·2400 • ..y OA, Washington, USA 
2230·2300 Jerusal em, Israel 
2230-2320 Johannesburg, S. Afr ica 
2230-0030 Moscow, ·u.s.s.R. 

QUAL • ~REOUENC I ES , MH z 

p 5.99 
G 11.815 

G 5.99 (v ia Sackville), 11.75 (via Tebrau) 

G ' 5.955. 9.7 3 

p 
 5.99 

F 6.02 5. 9.60. 11.925 

F 6.195, 9.566. 11.81, 15.15 

G 11.745 

G 15.255 (Sat., Sun.) 


G 11.745 . 15.11 5 
5.99 


F 11.81 . 15.345 

G 5.99 

F 9.60. 11.925 

G 11.73 (via Talata) 

F 9.58 (C loses 1555 Sun .) 

G 5.99 

G 17 .84 (via Ascension) Sat.. Sun. 


also 9.58 (via Sackville) 
G 5.99 
G 9. 58 (via Sackvi ll e). 17 .84 (via Ascension) 
G 9.58 (via Sackvi lle) 
G 11.82 , 15.19 (via Bonaire. Mon .·Fri. ) 
G 5.99 
G 9.505 
F 11 .895 (Sun.) 

F 11.825, 15. 17 (exc. Sun.) 

G 9.505 

G 9.51 , 11.86. 15.225 

G 9.505 

G 11.73 (via Talala) 

G 9.505 

G 9.58 (via Ascension) 

G 15.105 


15.40 (varies; Mon.·F11 .) 

G 17 .82, 17.895, 21.61 

F .7 .4 12, 9.815. 11.645, 12.025 
G 5.98, 9.585. 11.80, 11.90 
G 6.02 , 7.26, 9.635. 9.78, 12 .05, 15.14 , 15.18, 

15.455, 17.72 

EICO 390 SWEEP/FUNCTION 
GENERATOR 

• .2 Hz to 200 KHz 
• Sine, Square, Triang le 
• Linear & Log Sweep 

Now you can afford a Func tion Gen
era tor that wi l l meet all your si gna l 
requ irements ' The 390 generates d is
c rete sine , square, and tr iangle wave
forms over a very broad frequency range. 
You have a choice of either linea r or 
loga rithm ic sweep wi th slow, medium, 
or fas t rates. The 390 also allows for 
external frequency con lrol through a 
rear panel inpu t. With its 50-ohm oulput 
impedance and ca lib rated allenuator. 
the 390 can hand le eve rylhing from 
checking the response of an audio 
amplifier to driving d igita l ci rcuits. 

Model 390 assemb led $169.95 

EICO 388 PORTABLE COLOR BAR 
PATTERN GENERATOR 

•Battery Operated with LED Indicator 
•IC Digi tal Circuit Design 
• RF Adjustable, Channels 2, 3, 4 
The 388 is truly the mos t advanced 
pocket-s ize portable co lor generatcr in 
the fie ld today. A single MOS LSI IC 
provides 9 di gi tally cont rol led, stable 
pallerns. The 388 opera tes by si mply 
connecting its oulput cab le to the TV's 
VHF term inals. Two matrix slide swi tches 
se lec t any one of the 9 pallerns. 
Crysta l contro lled chroma and ti ming 
osci llators assure precision, accu racy 
and stabi li ty. The 388 is powered by two 
9-vo lt transis tor ba tleries . 

Model 388 assembled $89.95 

FREE EICO CATALOG 
For lates t EIGO Ca talog and name of 
neares t EIGO Distributor . cliec k reader 
service ca rd or send 50¢ for fast firs t class 
mai l se rvi ce . 
EJC0-283 Ma lta Stree t, Brooklyn , N.Y. 11207 

Lendcrsliip in crcn fi vc elcctro11i cs s in ce 1945. 
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Hot soldering irons can be 
murder on delicate electronic 
components such as IC's. That's 
why the DIGl-DESIGNER Will 
become your bugs· best friend. 
It's a solderless breadboarding 
instrument that can save you 
time and burned out parts. 

DIGl-DESIGNER comes complete 
with clock, dual pulsers, logic 
monitors, voltage switches, 
built-in 5 volt supply, binding 
posts for external power, in
put/output BNC's, and more. 
Everything you'll need for fast, 
efficient circuit design. 

DIGl-DESIGNER. It means the end 
of "IC Hotfoot" and the start of 
efficient, creative circuit design 
for you. suggested resale price 
in U.SA-$77.75 !in kit forml. 
Now available at your nearest 

Dealer 
inquiries 
invited. 

2:50 ·3:10 p.m . 2250·2310 " Santiago , Chile 6.195 , 9.566.11.81, 15.15 
3:00 -3:30 p.m. 
3:00  4:30 p.m. 

'. 2300·2330 . Tokyo, Japan 
2300 -0030 Lo ndon, England 

G 
G 

15.105 
6.175 , 9.51 (via Sackvill e), · 
9.58 (via Ascension) 

3:00 5:00 p.m. 2300  0100 Montreal . Canada · 5.96 
3:30-4 :00 p.m. 2330 -2400 ..Radio Clarin, 

S. Domingo, Dom . Rep. G 11.70 (irregular) 
3:45·4 :00 p.m. 23 45 -2400 " Voice of Qrg . of G 6.13.9 .64, 11.74 

American States, 
, Washington , USA · 

4:00-4 :15 p.m. ' 0000  0015 Tokyo , Japan G 15.105 
4:00 5:00 p.m. 0000-0100 ..VOA , Washington, USA G 11.83, 11.895, 15.40 ' 
4:30·5:00 p.m . l 0030 -0100 [ Moscow, U.S .S.R . G 6.02 , 7.26, 9.635, VB, 12 .05 , 15 .14 , 15.18, 

15.455. 17.72 

po-7:30 p.m. 0030-0330 London, England G 6. 175 (via Sackville), 
· 9.51 (via Greenville) , 

4:40  9:00 p.111 . · 0040-0500 HCJB, Ouito, Ecuador G 
5:00 5:15 p.m. 0100-0115 Tokyo , Japan G 
5:00 5:30 p.m. . 0100·0130 · Moscow, U.S.S. R. G 

9.58 (via Asce~sion) 


6.095,9.56, 11.915 

15.105 

6.02, 7.175, 9.635, 9.78, 12.05, 15.i4, 

15. 18, 15.455 
15.32, 17.795 
6.065 , 11.88 (Mon.·Sat.) 

6.195,9.566, 11.81, 15.15 

15.195, 15.235, 17.725, 17.825 

6.02 , 7.175, 9.635, 9.78, 11.86, 12.05, 15.14, 
15.18, (to 0200), 15.455 (to 0200) 

, 15.105 • 

5:00-7:00 p.111. 
5:00-8:00 p.m. 
5:10-5:30 p.111. 
5:30-6:30 p.m. 

6:00·6: 15 p.m. 
6:00-8:00 p.m. 
6: 10·6:30 p.m. 
6:30-7:00 p.m. 

0100-0300 
· 0100-0400 

J 0110-0130 
, 0130-0230 

0200-0215 
0200-0400 
02 10-0230 
0230-0300 

Melbourne, Australia G 
Madrid, Spain 

' " Santiago , Chile F 
Tokyo , Japan G 
Moscow, U.S.S.R . G 

Tokyo, Japan G 
Taipei, Taiwan 
..Santiago , Chi le · 

· Stockholm, Sweden 

9.685, 15.425, 17.89 
6.195,9 .566, n.81, 15.15 
9.695, 11.705 

6.02, 7.26, 9.635, 9.78, 11.86, 15.14 

15.105 

7.26. 9.58 ,'9.635, 9.78, 11.~6 


6.045, 6.Q65, 9.535, 9-.655 . . 

7.12, 9.78 (via T\iana), 11.445, 12.055. 

15.06, 15.385, 17.735, 17.855 

3.995, 7.27 , 9.58 

6.195, 9.566, 11.81 . 15.15 

6.035 , 9.645, (opens 0300 Sat., Sun.) 


6.02 . 9.54, 9.735, 11.69, 15.14 

(Sat./Tue./Wed./Fri.) 

6.02; 7.26. 9.54, 9.58, 9.635, 9.735, 

9.78, 11 .69 , 15.14 

5.955, 6.08, 9.56, 9.73 

6.175 (via Sackville), 

9.58 (via Ascension) 

15.105 

9.705 (alt. 9.70) 

6.00 , 7 .215, 9.585, 9.833, 11.91 

(Tue., Fri.) 

6.045 , 9.655 

602, 7.175, 7.26, 9.54, 9.58, 9.61 

(from 0430), 9.635, 9.735, 9.78 , 11.69 

6.045. 9.725 

6.175 (via Antiq ua) 

5.90, 7.395 , 7.412 

9.505 

6.025, 11.935 (varies) 

6.165, 9.715 , (via Bonaire) 

6.095, 9.56 

6.02 , 7.175, 7.26, 9.54, 9.58, 9.61, 


• 9.635, 9.735, 9.78 
5.96 (via Antiq ua) 
6.10 (via Malta) , 6.185, 9.545 
9.505 

9.645, 11.87 (Sun.) 

9.69 (Mon.·Fri.) 
9.82 
9.525 
11.78 
9.505 
9.505 
11.92 
9.505 
5.99 ' 

Moscow, U.S . S . ~. G 
. 7:00·7:15 p.m. 0300-0315 !Tokyo, Japan G 

1:00·1 :30 p.m. 0300-0330 	 f Kjev, U.S.S.R . G 
rr.1ontreal, Canada G 

7:00·7:55 p.m. 0300-0355 	 f, Peking.. China G 
i 

7:00·8 :20 p.m. 
7:10-7:30 p.m. 
7:20-8:25 p.m. 

7:22-7:28 p.m. 

7:30·8:00 p.m. 

7:30-8:15 p.m. 
7:30-8:30 p.m. 

8:00-8:15 p.m. 
8:00-8:30 p.m. 

8:00-9 :00 p.m. 

8:30-9:00 p.m. 
8:30-11 :30 p.m. 
9:00-9:15 p.m. 

9:00-9:30 p.m. 
9:00-10:20 p.m. 
9:00-11:00 p.m. 
9:00-11 :30 p.m. 

9:30-9:50 p.m. 

10 :00-10 :15 p.m. 
10:00-10:30 p.m. 
10:00-11 :00 p.m. 
10:00 p.m.- 12 mdt. 

i 0300-0420 W..Johaqnesburg, S. Africa 
0310-0330 f • -santiago, Chile 
0320-0425 

0322-0328 

0330-0400 

. 0330-0415 
, 0330-0430 

0400-0415 
0400-0430 

' 0400-0500 

0430-0500 
1 0430-0730 

0500-0515 

0500-0530 
0500-0620 
0500-0700 
0500-0730 

0530-0550 

0600-0615 
0600-0630 
0600-0700 
0600-0800 

10:30p.m.· 12:30 a.m · 0630-0830 
10:45p.m.·12 :45 a.m. 0645-0845 
11 :00·11 :15 p.m. , 0700-0715 
12 mdt.-12 :15 a.m. 0800-0815 
12 mdt.-2:00 a. m. 0800-1000 
1:00-1:15 a.m. 0900-0915 
2:00-2:30 a.m. ' 1000-1030 

' 

·•TiFC, San Jose, Costa 
Rica 
Erevan, U.S.S.R . G 

Moscow, U.S.S.R. G 

Berlin, Ger. Dem. Rep . p 

London, England G 

Tokyo, Japan G 
, Sofia, Bulgaria F 
Budapest, Hungary 

Montreal, Canada G 
Moscow, U .S.S. R. G 

Berne, SwitZ1?rland G 
London, England G 
Jerusalem, Israel F 
Tokyo , Japan G 
Lisbon. Ponugal F 
Hilversum, Holland G 
HCJB, Qu ito, Ecuador G 
Moscow, U.S.S.R. G 

Cologne, Ger. Fed. Rep. G 

Tokyo, Japan G 
Oslo , Norway F 

, Buenos Aires, Argentina G 
Pyongyang, Dem. Rep. Korea G 
Havana, Cuba G 

, ••well ington , N.Z . F 
Tokyo, Japan G 
Tokyo, Japan G 

' Manila , Philippines (F EBC) F 
Tokyo, Japan G 
Tokyo, Japan G 

·R ece pt ion quality, East Coast (West Coast) locat io n: G·good , F·fair , P-poor 
· '·Not intended for North America, but rece ivable sa tisfact orily 
Days refer to loca l date in target area. 
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MEMORY TESTING 

IT'S LATE at night and you have just 
finished assembling an expansion 

memory board for your computer. You 
turn the computer on and operate the 
console. It seems to function OK. Now 
it's time to run a memory test program to 
make sure that every one of those 4096 
new bytes can store and recall data reli
ably. 

A good memory test routine should be 
able to detect all possible failure modes 
on the new board. When used at home, 
it can be run continuously for a day or 
two to "burn in" the components and de
tect early failures while the warranty is 
still in effect. The CPU , data busses, and 
power supply are also exercised proving 
their ability to handle the additional load. 
In a small business application it may be 
wise to run a memory test (and tests of 

ERROR 

ERROR 

Fig. 1. S imple memory test. 
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By Hal Chamberlin 

other system components as well) be
fore processing sensitive financial data. 

A Simple Test Program. Basically a 
test of memory amounts to checking that 
each memory byte will correctly read 
back previously stored data. Since each 
byte is in turn composed of 8 bits, the 
data used for checking should try each 
bit in the " 1" and "O" states. Thus a sim
ple test procedure might be first to write 
all zeroes into a byte, read it back for 
checking, try all ones , and then go to the 
next address until all 4096 bytes are 
tested . Figure 1 shows a flowchart of 
such a test routine. Actually this is a very 
poor testing scheme because it will fail 
to detect a number of common memory 
board faults. 

Shorts between two closely spaced 
printed circuit traces is a common prob
lem. Assume a solder bridge short be
tween two adjacent data lines on the 
board. What this means is that those two 
bits will always be read back identical to 
each other regardless of what is actually 
stored in the memory IC's. Usually ze
roes will override; meaning that if either 
of the "paired" data lines has a 0, it will 
force the other one to a Oalso. Obvious
ly the test scheme in Fig. 1 would not de
tect this problem since all bits in the byte 
are identical . Other complementary pat
terns such as 252 (10101010) and 125 
(01010101) (octal) could be used but no 
such pattern can guarantee detection of 
a short between any pair of data lines . 

Shorts or opens in the large number of 
parallel address lines are even more 
likely and would not be detected either. 
The effect of most address line prob
lems is that the actual number of distinct 
storage locations is less than the 4096 it 
should be. Anoth er way to think of this is 
that two or more different addresses will 
refer to the same memory cell. Since the 
routine uses the same data in each loca
tion and only one location at a time is 
checked , it would probably run OK even 
if none of the address lines worked! 
About the only circuitry this routine does 

test is the data buffers (if the board has 
them) and whatever memory cells that 
can be addressed correctly. 

A Better Test Program. Let us try to 
design a better testing scheme that de
tects the common faults noted above. 
To solve the problem of detecting short
ed data lines, we should try to store and 
recall all 256 possible 8-bit numbers. To 
detect bad address lines, we should look 
at all of the other addresses to make 

ERROR 

ERROR 

F ig. 2. B etter memor y te st. 
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sure the data just stored does not pop bits into their neighbors on the chip and Using Random Numbers. let us 
up someplace else. Figure 2 shows a only causes problems with certain pat now take a look at how computer

flowchart for this more effective test terns of bits. From the memory chip's generated random numbers becan 

procedure. An estimate of the test exe point of view this routine writes a single used in an even better memory test pro

cution time can be obtained by multiply " 1" bit in a sea of zeroes and checks gram. Proper functioning of the data and 

ing the execution time of the inner loop that the "1" remains stored and that address circuitry can be simultaneously 
by 4096 locations times 256 data pat none of the zeroes is disturbed. As the tested by changing the procedure a little 
terns . On a full-speed 8080 this is about test progresses, the "1" moves around and using random data patterns. Instead 
35 microseconds X 4096 X 4096 X 256 until all locations are tested. Trying all of testing one location at a time we will 
or nearly two days! possible bit patterns is not a feasible so first store data in all of the locations to be 

This routine is quite effective in locat lution since there are 21024 of them or tested (the store phase) and then come 
ing memory board problems but cannot about 1 ()308 on a typical memory IC. It is back and see if all of the locations held 
detect a fairly common (though less so possible to make a thorough test of pat their data (the verification phase) . Also 
now than in the past) memory chip prob tern sensitivity in a reasonable time but instead of using the same data in all lo
lem that is termed "pattern sensitivity". a detailed knowledge of the particular cations, different random numbers will 
This is caused by a sort of "spillover" of memory chip's geometry is required. (Text continued on p 110) 

I•'ig. 3 

* MEMORY TEST PROGRAM USING RANDOM NUMBERS 
* WRITTEN FOR A 4K BLOCK OF MEMORY ON A 4K BOUNDARY 

000:000 061 000 001 MT EST LXI SP,400Q INITIALIZE STACK POINTER 
000 :003 041 001 000 LXI H, 1 INITIALIZE RANDOM NUMBER SEED 
000:006 315 130 ooo PASS CALL RAND NEW PASS, GET A RANDOM NUMBER IN HL 
000:011 04 2 157 000 SHLD SEED SAVE AS SEED FOR VERIFY 
000:014 021 000 020 LXI D,4096 INITIALIZE ADDRESS COUNTER 
000:017 315 130 000 STORPH CALL RAND GET A RANDOM NUMBER IN HL 
000:02 2 315 111 000 CALL MADDR FORM MEMORY ADDRESS IN BC 
000:025 175 MQV A,L STORE RANDOM BYTE IN MEMORY 
000:026 002 STAX B AT ADDRESS IN BC 
000 :027 033 DCX D DECREMENT ADDRESS COUNTER 
000:030 17 3 MOV A,E TEST IF IT IS ZERO 
000:0 31 262 ORA D 
000:032 302 017 000 JNZ STORPH CONTINUE STORE PHASE IF NOT 
000:035 05 2 157 000 LHLD SEED RESTORE RANDOM SEED FOR VERIFY PHASE 
000 :040 021 000 020 LXI D,4096 INITIALIZE ADDRESS COUNTER 
000:043 315 130 000 VERFPH CALL RAND GET A RANDOM NUMBER IN HL 
000 :046 315 111 000 CALL MADDR FORM A MEMORY ADDRESS IN BC 
000:05 1 012 LDAX B GET DATA FROM MEMORY 
000 :052 275 CMP L COMPARE WITH WHAT WAS STORED 
000:05 3 302 067 000 JNZ ERRLOG GO TO ERROR LOG IF NOT THE SAME 
000:056 033 DCX D DECREMENT ADDRESS COUNTER 
000:057 173 MOV A,E TEST IF IT IS ZERO 
000 :060 262 ORA D 
000:061 302 04 3 000 JNZ VERFPH CONTINUE TEST PHASE IF NOT 
000:064 303 006 000 JMP PASS GO FOR ANOTHER PASS 
000:067 062 161 000 ERRLOG STA WAS STORE ERRONIOUS DATA IN ERROR LOG AREA 
000 :072 175 MOV A,L 
000:073 062 162 000 STA SHLDBE STORE CORRECT DATA 
000 :076 170 MOV A,B 
000: 077 06 2 164 000 STA ERADDR+1 STORE ADDRESS OF ERROR 
000:102 171 MOV A,C 
000:103 062 163 000 STA ERADDR 
000 :1 06 166 000 000 HLT HALT OR JUMP TO ERROR PRINT 

SCRAMBLED MEMORY ADDRESS FORMATION ROUTINE* 
USES ADDRESS COUNTER IN DE AND RANDOM NUMBER IN SEED* 
TO FORM A SCRAMBLED ADDRESS IN BC* 

000 : 111 072 157 000 ~J\DDR LDA SEED GET LOWER BYTE OF RANDOM NUMBER 
000: 114 253 XRA E EXCLUSIVE-OR WITH LOWER ADDRESS 
000: 115 117 MOV C,A 
000 :11 6 072 160 000 LDA SEED+1 GET UPPER BYTE OF RANDOM NUMBER 
000: 121 252 XRA D EXCLUSIVE-OR WITH UPPER ADDRESS 
000: 122 346 017 ANI 170 SAVE ONLY 4 BITS FOR 4K MEMORY 
000 : 124 306 xxx ADI (page number) ADD IN FIRST PAGE NUMBER OF BOARD 
000 : 126 107 MOV B,A BEING TESTED 
000: 127 311 RET RETURN 
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Fig. 3 (Cont'd.) 

000:130 006 010 
000 : 132 174 
000:133 017 
000 : 134 254 
000:135 017 
000 : 136 017 
000:137 254 
000 : 140 017 
000:141 255 
000 :1 42 017 
000:143 017 
000 : 144 017 
000 : 145 346 001 
000:147 051 
000 : 150 205 
000:15 1 157 
000 : 152 005 
000:153 302 132 000 
000: 156 31 1 

000: 157 
000 : 161 
000: 162 
000 :1 63 
000: 165 

* 
* 
* 
* 
* 
RAND 
RANDl 

* 

SEED 
WAS 
SHLDBE 
ERADDR 

RANDOM NUMBER GENiRATOR SUBROUTINE 
ENTER WITH SEED IN REGISTERS H AND L 
EXIT WITH NEW RANDOM NUMBER IN H AND L 
USES 16 BIT FEEDBACK SHIFT REGISTER METHOD 
DESTROYS REGISTERS A AND B 

MVI B,8 SET COUNTER FOR 8 RANDOM BITS 
MOV A,H EXCLUSIVE- OR BITS 3, 12, 14, AND 15 
RRC OF SEED 
XRA H 
RRC 
RRC 
XRA H 
RRC 
XRA L RESULT IS IN BIT 3 OF A 
RRC SHIFT DOWN TO BIT 0 OF A 
RRC 
RRC 
ANI 1 CLEAR OUT ALL OTHER BITS 
DAD H SHIFT HL LEFT ONE 
ADD L REPLACE BIT 0 OF HL WITH RESULT 
MOV L,A 
DCR B TEST IF 8 NEW RANDOM BITS COMPUTED 
JNZ RANDl LOOP FOR MORE IF NOT 
RET RETURN 

STORAGE FOR MEMORY TEST 

DST 2 RANDOM NUMBER SEED SAVE 
DST ERROR LOG AREA, ERRONIOUS DATA 
DST CORRECT DATA 
DST 2 ADDRESS OF ERROR 
END 

SYSTEM 5000 includes all ·camponents,_2 ti111e 
ting sw itches, and complete assembly and progr 
ming manuals. Switches for additional functioris lllllll, relay are not included but are available as opt· 
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called the "seed." A sequence of ran be stored into each location. Finally, in
dom numbers is obtained by repeatedly stead of storing and verifying in an as
calling the generator routine giving the cending sequence of addresses, a 

scrambled sequence based on random last number it produced. If the same ini

numbers will be used. tial seed is used, then the sequence of 
One potential problem with this meth random numbers will be the same. So 

od is that, with true random numbers, it we have to save only the seed to be able 
is not possible to tell during the verifica to regenerate the sequence for verifica
tion phase what the stored data should tion. A scrambled sequence of ad
be. One solution would be to retain a dresses can be obtained by exclusive 
copy of the correct pattern in known OR'ing the lower 12 bits of the memory 
good memory. A better solution is to use address with a random number that 

a "pseudo random" number generator. changes after each "pass" (store and 

Such a generator works by creating a verify phase) through the test routine. 
new number from an old one which is Also, after each pass, the data pattern 
------------------------------~

MODELS 
Fits " Signal Kicker" 

type trunk and 
roof mount 
CB antennas. 

Clip and mail today 
VERNITRON CORPORATION 
CONSUMER PRODUCTS DIVISION Dept p E -3 
Lake Success Park, Communily Drive, Great Neck. N.Y. 11021 I 
!want tenna toe! Sendme_models @ $ 11.95ea. 
complete <Check models desired l I 
o Model M -Standard type o Model FX - Fibreglass Hex type 
D Model H - Hustler type o Model S - Signal Kicker type 


D check or o money order enclosed total amount. 
 I 
~~~~~~~~-1 

-------- State Zip __ I 
Residents of Calif .. Conn., N.Y., N.J. add Sal es Tax. Approx. two weeks delivery. 

- 10 DAY MONEY BACK GUARANTEE  J 
CIRCLE NO. 61 ON FREE INFORMATION CARO 

seed is changed so that each pass is to
tally different. 

Using this method the data lines will 
be thoroughly tested because after a 
short time all possible data bytes will 
have been tried . Addressing will be 
checked out also since an incorrect ad
dress during the data store phase is like
ly to wipe out data stored elsewhere ear
lier in the phase. The random address 
scrambling insures that a variety of pat
tern store sequences will be tried . After 
a few dozen passes through the routine, 
the likel ihood is extremely high that ev
ery bit of memory has been tried in both 
one and zero states. Although pattern 
sensitivity of the memory chips is not 
specifically tested, a great variety of pat
terns will be tried. 

Figure 3 shows a listing of the im
proved memory test program in 8080 
assembly language. The pseudo-ran
dom number generator subroutine simu 
lates a 16-bit shift register with feedback 
for random bit generation (see the TTL 
Cookbook by Don Lancaster) . Eight ran 
dom bits are generated each call and 
are put together to make a random byte. 
The seed that is saved for the verify rou
tine is also used as an address scram
bler. The test program runs as an end
less loop and will not repeat the se

. quence of addresses and patterns until 
65,535 passes have been completed. 
Although written for testing a 4k byte 
memory board , it is readily modified for 
8k and 16k boards also. If you are test
ing a so-called "dynamic" memory 
board , the computer should be periodical 
ly halted from the front panel for a few 
seconds. This will verify proper opera
tion of the refresh circuitry since normal 
execution of the test routine would be 
sufficient to refresh the memory. 

If an error is detected during the verify 
phase , control is passed to an error log 
routine. This routine stores the address 
of the error, the correct data byte, and 
the erroneous data byte in an error log 
area. (located at the end of the pro
gram) . At this point, a print routine could 
take over for a permanent record of all 
errors. Otherwise, a simple halt could be 
executed allowing front-panel access to 
the error log area. By examining a num
ber of error logs, it is usually possible to 
pinpoint the problem causing errors. For 
example, if only a single bit is in error 
and the errors are confined to a 1 k block 
of addresses, then a bad memory chip is 
the probable cause. If there is a multi
tude of errors, and the correct data 
bears no resemblance to the wrong 
data, there is an addressing problem in 
dicated. <> 
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OPERATIONAL 
AMPLIFIER 
QUIZ 
BY WILLIAM E. PARKER 

Assume each of these circuits is an 
ideal op amp and each input is +1.0 
volt de. Determine the output voltages. 

11 

i\'Jan't\ 
SOLVES 

TV 
INTERFERENCE 

Interference between television and CB 
radio is an annoying and not uncommon 
problem. Avanti solves these problems 
with 3 line filters ... 

AV 800 TV interference filter (low pass) 
installs in CB antenna line and is espec
ially useful for interference on CH2 and 
5 of poorly filtered TV receivers. 

impedance = 50 OHMS 
line loss = negligible 
VWSR = 1.1:1 

attenuation on CH2 (54 MHz) = 80db 
1000 watt capacity 
3db cutoff frequency = 43 Mt'iz 

IJV 

AV 811 TV interference filter (hi-pass) 
installs in TV antenna line and supple
ments inadequate TV filtering to prevent 
interference between TV or FM and CB 
or other high frequency radio services. 
impedance = 300 OHMS 
line loss = negligible 
VSWR = 1.1 :1 
cutoff frequency = 54 MHz -b ..., .I 

/~-,-~~ .. 
< ~·' ' : 

AV 820 A.C. line filter prevents trans
mission of CB signal throuQh AC power 
lines. Suitable to contain signal at C.B. 
transceiver or to prevent outside signal 
from entering TV through AC line. 
1200 watt capacity. 

Avanti makes a complete line of high 
performance mobile and base CB anten
nas from $11.95 to $404.00 

Free 24 page color catalog • 

•i\"'i\""'RESEARCH ANO DEVELOPMENT. INC . 
340 Stewart Avenue , Addison , IL 60101 

Creators of the famous 
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--------------------

Put Professional Knowledge and a

Operation Assist COLLEGE DEGREE 

If you need 1n tormat1on' on outdated or rare in your Electronics Career through 

equipment-a scl1ema 11 c. pans /1s t etc - another reader 

might be able to assist Simply send a postcard to Opera- HOME i
lion A ss isi POPULAR ELECTRONIC S 1 Park Ave New York . 
NY 100 16 For 1t1ose who can help readers please re
spond directly 10 them They If appreciate 11 (Only those 
items regarcllng equipment not available from normal 
sources are publ1shecJ J 

~ 
1STUDY 

DEGREE 

• 

The 
PROOF is in 

PERFORMANCE! 

Amazing MEGASPARK, the advanced-design 
Opto-Electronic Breakerless Ignition System, 
FITS ANY CAR! Replaces point s and 
condenser - gives longer spark plug life . 
Increases performance, mileage and driving 
satisfaction while cutting fuel and 
maintenance costs dramatically . Learn the 
facts and don't settle for less than the best. 
Models from $ 29.50 to $64.50 

The only unit that gives you all these ieatu'res: 

._ .LIFETIME WARRANTY 
· • DIFrFERENTIAL AMPLIFIER CIRCUITRY 
• FULL INTERNAL VOLTAGE REGULATION 
• AUiFOMATIC OVERCURRENT PROTECTION 

Rush name and address for FREE information package 
including catalog and discount offer. Or call toll- free 
24-hours 800-648-4711, Ext. 22. 

CIRCLE NO . 33 ON FREE INFORMATION CARO 

Old Tubes W11 , UV199, UV99, UV201A. UX201A,30 and 
VT-24-864. Needed for old radio collection. Tim Ding. 3752 
Orange Ave.. Long Beach, CA 90807. 

Shaevitz Model S16A osci lloscope. Need manual and sche
matics. Gerald Kauttman. 99020 Nohua Pl. . Aiea, HA 96701 . 

Tokyo Transistor Model MT-501A candle TV. Schematic, 
service manual or parts. Bernie J. Workman. 730 Jetterson 
Ave.. Huntington, W. VA25704. 

Electromec Model 1720 oscilloscope. Schematic. operating 
and maintenance manuals. Perry C. Hutchison. 237 Shel: 
don. Ames. IA 50010. 

Mattes Model SSP-200 stereo power amplifier. Need sche
matic. G.D.C .. Box 824 , Huntsvi lle, AL 35804. 

Smith Florence Model 810 1-R-E meter. Need manual and 
schematic. John R. McDaniel, R. R. # 1, Box 218, Spencer, 
IN 47460. 

Atwater Kent Model 812 radio. Need schematic and parts 
list. P. A. Seuferer, 706 New Casile Rd.. Marshalltown. IA 
50158. 

Pentron Model T-90 reel-to-reel tape recorder. Need drive 
belts and inslruction manual. John Whybrew. P. 0 . Box 387. 
Upland. IN 46989. 

Picture Tube type 13AP4. Need Source. Bob Dvorak, 6244 
Colby, Lincoln. NE 68505. 

Hammarlund Model HO 170 ham band receiver. Schematic. 
calibration and maintenance information needed. Bill Bruyn . 
13 Sullivan Ave.. Ollawa, ONT,K2G 1S8 Canada. 

Hal/icrafters Model S-40A shortwave receiver. Schematic 
and instruction manual. Robert R. Lintner. 102 Cherry St. , 
Gnadenhutten. OH 44629. 

Burroughs Model E3500 computer. Operating and pro
gramming inslructions needed . Frank Hoszu. 725 Wiagara 
Ln .. Wayzata. MN 55391. 

Supreme Model 546 oscilloscope. Schematic and manual 
needed. Peter Pellerzi . 34-45 28th St. . Astoria. NY 111 06. 

Acoustech Model XI stereo power amplifier. Schemalic, 
vollage chart and manual. William Lourie, 2444 White Rd., 
Cleveland, OH 44118. 

Westinghouse Model H-161 AM/ FM radio. Schematic and 
service manual needed. Frank Holland. 17 Hilltop Trai ler Ct.. 
Fairtax. VA 22030. 

Navy lype CCT-46217 radio receiver. Schematic. service in
formation and operating manual needed. Ed Grimes. 569 N. 
Main Republic. MO 65738. · 

DeVry transislorized automotive analyzer. Manual or sche
matic needed. Stanley G. Boler. 11 6 S. Washington St. . 
Knightstown, IN 46148. 

Guided Radio Corp. Model M-116A battery powered mega
phone set. Need schematic and one 1J6 tube. Dwayne Pan
tle, Rte. 2. Box 131 -C, Woodburn , OR 97071. 

Superior Instrument Model TV-50A genometer . Schematic 
and/or service manual. Dennis Arvisais. 71 Plymouth St. , 
New Bedford . MA 02740. 

Packard Bell Model 920, "Sync-Lok" TV camera. Schemat
ic and manual needed. Mr. Terry D. Caster. 6515 Hunters 
Ridge, Holly, Ml 48442. 

Precision Model 120 V.0 .M. Meter movement needed. 
Gary Lawson. 128 Poillon Ave.. Staten Island, NY 10312. 

Knight Model C-22 Cilizens Band transceiver. Construction 
and operaling manual needed. Robert W. Boehnke. 3011 
Antioch Rd.. Perry, OH 44081 . 

McMurdo Model 911 silver sweep generator. Need sche
matic and maintenance information. John Zellmeier. 29 Coo
lidge SI. , Haverstraw, NY 10927. 

Hammarlund Model CB214 CB transceiver. Schematic 
needed. Joe Dura, 2910 Red Fox Run, Warren, OH 44485. 

by correspondence, while continuing your pres
ent job. No commuting to class. Study at your 
own pace. Learn from complete and explicit 
lesson materials, with additional assistance from 
our home study instructors . Advance as fast as 
you wish , but take all the time you need to master 
each topic. Profit from , and enjoy, the advantages 
of independent study. 

The Grantham electronics degree program 
begins with basics, leads first to the A.S.E .T . 
degree, a nd then continues through the B.S.E.E. 
degree level. Our free bulletin gives complete 
details of the program itself, the degrees award
ed , the requirements for each degree, and how 
t o enroll. Write or phone (no collect calls please) 
and ask for BULLETIN E -77 

Grantham School of Engineering 
2000 Stoner Ave. , Los Angeles, CA 90025 

• Telephone (213) 477-1901 • 

Worldwide Career Training thru Home Study 
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"My father bullt this 
Schober Organ 

for me!" 

/ #,I 

t t 
i __,u11L 

You'd be proud to buy her an organ this 
good ... but how would you feel if you'd also built 
it? It's a special kind of sati sfaction . The gift of a 
lifetime of magnificent music, crafted with your 
own hands! 

And you can do it! You need no prior elec
tronic or mechanical abilities. Just the capacity to 
follow instructions. Every step is clearly detailed, 
every component is supplied. You 'll find the as
sembly process as enjoyable as the music which 
follows! 

And what music! For this .is a truly fine instru
ment you will build . Far superior to most " ready
made" organs .. easily comparable to others at 
twice the price. Kit costs range from $650 to $2850 
for all basic components, and you can purchase it 
in sections to spread costs out ... or have 'two-year 
time payments . 

Just send the coupon for the fascinating 
Schober color catalog (or enclose $1 for a record 
that lets you hear as well as see the quality of 
Schober). 

i The fie/wk; Organ Corp., Dept 'PE-70 I-------------------· 
I 43 West 61st Street, New York, N.Y. 10023 I 
I 0 Please send me Schober Organ Catalog. I
I 0 Enclosed please find $1 .00 for 12-inch L.P.1 
I record of Schober Organ music. I 
I I
I NAME I 
I ADDRESS I 
I I 
I CITY STATE ZIP I 
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We really can't say anything about the "other guy,"but at BENNIES, 
your business counts.Every dealer we handle gets the best service 

possible,including a weekly mailer of specially priced items you'll 

have to see to believe!Send $5.00 <deductib le from your first order 
if made within 90 days) and your tax number for our giant new 248 

page catalog.and see the difference for yourself.BENNIES.We're 

the distributor w ho cares.Sorry,catalog only available to dealers. 

YOUR ONE STOP DISTRIBUTOR FOR 

GEMTRONICS 23 AND 40 CHANNEL 


CITIZEN BAND RADIOS. 


ENNIES 
WAREHOUSE DISTRIBUTION CENTER 

R.D.1 BERWICK,PA.18603 717·759·2201 
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312-664 0020 

CIRCLE NO . 34 ON FREE INFO RMATI ON CA RO 

SAVE! 

MONEY • TIME • FREIGHT 
~QUALITY STEREO EQUIPMENT 

- 1 AT LOWEST PRICES. 

~YOUR REQUEST FOR QUOT A
- ' TION RETURNED SAME DAY. 
~FACTORY SEALED CARTONS

-
1 GUARANTEED AND INSURED. 

~SAVE ON NAME BRANDS LIKE: 
1 

- A.D.C . KLH 
A.R. SHURE 

DYNACO KOSS 

SONY FISHER 


PIONEER 

AND MORE THAN 50 OTHERS 


BUY THE MODERN WAY 

BY MAIL-FROM 


·11·iiQ ~· 
I lftOll QUvlO 
Department 217S 

12 East Delaware 
Chicago , Illinois 60611 

Our 23rd year of service to the World's 
finest craftsmen and technicians. 

A carefully selected and tested assortment 
of unique, hard-to-find tools, clever 
gadgets, precision instruments, bargain 
kits. One-stop shopping for the technician, 
craftsman, hobbyist, lab specialist, 
production supervisor. Many tools and 
measuring instruments available nowhere 
else. One of the most unusual and complete 
tool catalogs anywhere. Get your copy of 
the NC FLASHER today. 

"""- National Camera 
'- .I 2000 West Union AYe., Dept. GGA 

""" Englewoocl, Colorotlo BO '10 


(303) 189-1893 
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Electronics Library 

DIGITAL TROUBLESHOOTING 

by Richard E. Gasperini 
The heart of this book is in three chapters. 
The first covers tools such as logic probes 
and comparators, and techniques such as 
piggy-backing IC's, selective shotgunning, 
toothpicking, and " smoking it out. " The chap
ter on logical troubleshooting examines ways 
of localizing the problem, including half-split
ting and the serial method. The third shows 
how to remove IC's, with vacuum devices, 
combination irons, and desoldering wick . The 
other 15 chapters offer background material 
(numbering systems, how IC's are manufac
tured, obtaining parts, logic symbols) or de
scribe various circuits and show· how to trou
bleshoot them (bipolar IC's, MOS, flip-flops, 
counters , shift registers, displays, memories, 
etc.). An appendix shows how to decode IC 
manufacturers' type numbers. 
Published by Movonics Co., distributed by 
Hayden Book Co., 50 Essex St., Rochelle 
Park, NJ 07662. 180 pages. $9.95 soft cover. 

MICROCOMPUTER DESIGN 

by Donald P. Manin 
Published by the manufacturers of the Mike 3 
and Mike 8 hobby microcomputers , this 
handbook goes into great detail on the 8008 
and 8080 microprocessors . After comparing 
them with several other popular MPU's, the 
author examines timing, bus structures, in
put/ output instructions, RAM and ROM, 
OMA, interrupts , timers, digital displays, inter
facing, keyboards, analog 1/0 , software, and 
tes ting . The book concludes with two minimal 
micros, using 9 and 19 chips, and a lhorough 
discussion of the CPU board for the Mike 3. 
Published by Martin Research, 3336 Com
mercial Ave., Northbrook, IL 60062. 416 
pages. $25 soft cover. 

THE RADIO AMATEUR'S HANDBOOK 
by Rober1 Her1zberg, 

revised by A. Frederick Collins 
First published in 1964, this well-known 
handbook is now in its 13th edition. New 
chapters have been added on CB radio and 
2-meter Im equipment. There are chapters on 
vacuum tubes and solid-state devices, con
struction techniques, power supplies, receiv
er and transmitter theory, amateur licenses, 
antennas, mobile operation, test equipment, 
and setting up and operating an amateur sta
tion . 
Published by Thomas Y. Crowell Co., 666 
Fifth Ave., New York, NY 10019. 378 pages. 
$8.95 hard cover. 

MICROCOMPUTERS/MICROPROCESSORS: 
HARDWARE, SOFTWARE AND APPLICATIONS 

by John L. Hilburn and Paul M. Julich 
Part of the extensive Prentice-Hall series on 
automatic computation, this lean-meat text 
requires no formal training in digital logic. The 
first three chapters provide the needed back
ground in basic elements, logic, and number 
systems. Next discussed are microcomputer 
hardware (ROM, read/ write memory, micro
processors), software (machine, assembly 
and high-level languages) , and interfacing to 
peripheral devices. Ten microprocessors are 
discussed in detail (with instruction sets given 
in the appendixes) , and the final chapter is on 
design and applications. 
Published by Prentice-Hall, Englewood Cliffs 
NJ 07632. 372 pages. $16.50 hard cover. 

SOLID-STATE ELECTRONICS 
by Frank P. Tedeschi and Margaret R. Taber 

Intended for use in junior colleges, technical 
institutes and industrial training courses, this 
book is a combination text and lab manual. 
Prerequisites are a familiarity with algebra 
and basic electricity. Chapters are included 
on rectification, power-supply filters, zener di
odes, junction transistors, the three configu
rations (common-base, common-emitter, 
common-collector) , load lines, and biasing for 
common-emitter circuits. 
Published by Van Nostrand Reinhold Co., 
450 West 33 St., New York, NY 10001. 202 
pages. $8.95 hard cover. 

MODERN GUIDE TO DIGITAL LOGIC: 
PROCESSORS, MEMORIES & INTERFACES 

by United Technical Publications, Inc. 
The first four chapters of this guide are on 
Schottky TTL, ECL and MECL logic gates, at 
a fairly high technical level. More complex cir
cuits, such as adders ul'ld multipliers , ac
cumulators and counters are taken up in the 
next two chapters, on the MECL 10,000 fami 
ly, and MSl/ LSI Schottky TTL. After a chapter 
on high-noise-immunity logic gates, and one 
on using and interfacing CMOS, the book 
ends with a short chapter on microprocessors 
and a longer one on bipolar and MOS memo
ry (RAM and ROM) . Most of the material in 
the book is taken from seminars, technical 
papers and data provided by Motorola, Texas 
Instruments, Intel , Teledyne Semiconductor, 
etc. 
Published by Tab Books, Blue Ridge Summit, 
PA 17214. 294 pages. $6.95 soft cover, 
$9.95 hard cover. 

QUESTIONS AND ANSWERS 
ABOUT CB INTERFERENCE 

by Leo G. Sands 
Several hundred short questions and detailed 

answers are divided into seven parts, on in

terference types, audio rectification interfer

ence, harmonic and overload television inter

ference, interference to radio reception, and 

auto-engine noise. The questions are explicit , 

the answers straightforward. 

Published by Howard W. Sams & Co., 4300 

W. 62nd St., Indianapolis, IN 46206. 80 
pages. $3.95 soft cover. 
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ELECTRONICS MARKET PLACE 

REGULAR CLASSIFIED: COMMERCIAL RATE: For firms or individuals offering commerc ial products or services, 52.25 per word. Min imum order $33.75. 
EXPAND-AD CLASSIFIED RATE : $3.35 per word. Min imum o rder S50.25. Frequency discount; 5% for 6 months; 10% for 12 months paid in advance. READER 
RATE: Fo r io1dividuals w ith a pe r~on al item to buy or sel l . $1.35 per word . No minimum! DISPLAY CLASSIFIED : 1" by 1 co lumn (2-1/4" wide), $260.00. 2" by 1 
co lumn , $520.00. 3" by 1 co lumn , $780.00. Adve rti ser to supply film positives. For lrequency rates. please inquire. 
GENERAL INFORMATION: Payment must accompany copy except when ads are placed by accredited advertising agencies . First word in all ads set in caps . 
Al l copy subjec t to publisher's approva l. All adverti sers using Post Offi ce Boxes in their addresses MUST supp ly pub lisher with permanent address and 
te lephone n umber before ad can be run . Ad ve rt isements w ill not be publ ished whi c h advertise or pro mote the use of dev ices for the surreptitious interception 
of communic ati on s. Ad s are not acknow ledged. Th ey wi l l appear in first issue to go to press after c losing date. Closing Date : 1st o f the 2nd month preced ing 
cover date (for example , M arc h issue c loses January 1st. Send order and remittance to POPULAR ELEC TRO NICS , One Park Avenue, New York, New York 
10016, Attention : Hal Cymes. 

FOR SALE 

FREE! Bargain Calalog-1.C.'s, LED's, readouts, fi ber 
optics , calcu lators parts & kits , semiconductors , parts. 
Poly Paks , Box 942PE, Lynnfield, Mass. 01940. 

GOV ERNMENT and indust r ia l surpl us receive rs. 
transm itters . snoopersc opes. electroni c pa rt s . Picture 
Catalog 25 cents . Meshna, Nahant, Mass. 01908. 

LOWEST Prices Eleclronic Parts . Confidential Catalog 
Free . KNAPP, 3174 8th Ave . S.W., Largo , Fla. 33540. 

ELECTRON IC PARTS, semiconduclors, kits . FREE FLYER. 
Large catalog $1 .00 deposit. BIGELOW ELECTRONICS, 
Bluffton. Ohio 4581 7. 

RADIO-T.V. TubeS-36 cen ts each. Send for free catalog. 
Cc rn ell , 4213 Un iversity, San Diego , Calif . 92105. 

AMATEUR SCIENTISTS, El ectronics Experimente rs, 
Science Fair Students ... Construction plans- Complete, 
including drawings, schematics . parts list wi th pr ices an d 
sources ... Robot Man - Psychedelic shows - Lasers 
Emotion /Lie Detector - Touch Tone Dial - Qu adraphonic 
Adapter - Transistor ized Ignition - Burglar Al arm 
Sound Meter ... over 60 items . Send 50 cents coin (no 
stamps) for complete c atalog . Techni cal Wr iters Grou p. 
Box 5994, University Station , Raleigh , N.C. 27607. 

METERS-Surp lus, new , used , panel or portable . Send for 
list. Hanchett , Box 5577, Riverside , CA 92507. 

ORGAN KITS 

KEYBOARDS 


THE ULTIMATE IN DESIGN 
AND SOUND 

Demo Record & Brochure $1.00 
Wurlitzer reproductions 

Air;] DEVTRONIX ORGAN PRODUCTS. Dept. C 
1l:IJj 5872 Amapola Dr.• San Jose, CA 951 29 

SOUND SYNTHESIZER KITS-Surf $12.95, Wind $1 7..95. 
Wind Chimes $17.95, Eleclronic Songbi rd $6.95, Musica l 
Accesso ries . many more . Catalog free. PAIA Electronics. 
Box J14359, Oklahoma City. OK 73114. 

BUGGED??? New locator finds them fast. Write , Clifton. 
11 500-L N.W. 7th Avenue. Miami, Florida 33168. 
YOU WILL SAVE BIG MONEY! Surplus, Clearouls. 
Bankruptcy, Inventory. Deals. Catalog $1 (redeemable). 
ETCOA Electronics, Box 741. Montreal. H3C 2V2. U.S. 
Inquiries . 

HEAR POLI CE/ FIRE Dispatchers! Ca talog shows 
exc lu sive direc tories of "confidential " c han nels. scann ers. 
Send postage stamp . Communications, Box 56-PE. 
Commack, N.Y. 11725. 

JAPANESE TR ANSISTORS, all transistors original factory 
made . Free catalog. West Pacific Electronics. P.O. Box 
3879, Torrance. CA 90510. 

POLICE, Fire monitors, scanne rs, crystals, CB 
Transceivers, New Crystal-less sca nners. Dis
count pri ced. Box 19224, Denver, CO 80219. 
TELETYPE EQUIPMENT for sale for beginners and exper
ienced computer enthusiast. Teletype machines . parts. 
supplies. Catalogue $1.00 lo : ATLANTIC SALES, 3730 
Nautilus Ave .. Brooklyn. NY 11224. Tel: (212) 372-0349. 

CARBON FILM RESISTORS. Brand new as low as 1.7 
cents. Discounts of 20%. Prompt delivery. FREE 
samples/specifications. COMPON ENTS CENTER . Box 
134P. N.Y.. N.Y. 10038. 
WHOLESALE C.B., Scanners, Antennas, Catalog 25 cents . 
Crystals : Special cul. $4.95. Moni tor $3.95. Send make. 
model, frequency . G . Enterprises. Box 461 P. Clearfield. UT 
84015. 

MECHANICAL, ELECTRONIC devices catalog 10 cents. ELECTRONIC igni tion: Capaci tor -Discharge, pointless . 
Greatest Values - Lowest Prices . Fert ik 's, 5249 " D '", Auburn Sparkp lugs. Whee l Stabilizers. Information 20 
Philade lph ia , Pa. 19120. cents . Anderson Eng ineering, Eosom. N.H. 03234 . 

Whether you' re an avid audiophile, a casual listener o r a A tten t ion Professionals • • .• • . Model SR12 is also designed to 
professional technician ••• the new MODEL SR 12 will be the be used as a highly etf1c1ent des ign and measurement tool. Tests be· 

low have been cont rolled to labo ratory to lerances- afford ing accuratemost important disc in your entire collect ion. numerical eva luation when used with oscilloscope, chart recorder, out
MODEL SR 12 has been produced by Ster eo R eview Magazine put meter, interm odulation-distortion meter and fl utte r meter. 
for music lovers who want immediate answers to questions • 1,000-Hz square waves to test transient and high-frequency response 
about the performance of their stereo systems and h o w to get of phono pickups. 

the best possible sound reproduction. • 500 to 20,000 Hz frequency-res ponse sweep. 
• Sine-wave tone-bursts to test transient response of pickup .It is the most complete test record o f i ts k in d - c o ntaining 
• Inte rm odula tion test usi ng simu ltaneous 400-Hz and 4,000-Hz signals. the widest range of checks ever inc luded on one test d i sc. 
• Inte rmod ulation sweep to show d istort ion caused by excessive res

Make these important s tereo checks onances in tone arm and ca rtri dge. 
• 1,000-Hz re ference tones to dete rmi ne groove vel oc ity. BY EAR... (no test instru ments required) 
• 3,000-H z tone for flu tte r and speed tests. 

Frequency response-a di rect wa rble-tone check of nineteen 
Sample wave forms-i llust rating both accurate and faulty responses are secti ons of the frequency spectrum, fro m 20 to 20,840 Hz, which 
provided in the Instruc tion Manual for comparison with th e pattern s~ wi ll pinpoint any frequency response defects in your system. 
appearing on you r own osc illoscope sc reen. 

Separati on-an ingenious test whi c h Indi cates whether you have 
~REE-An informat ive manua.1 whi ch ~~;:~sEs~~~~~:~f: ~~R1~u:A~~cE: 1 cAN~ adequate separation for good stereo. 1 
includes chart s, tab les and diag ram s. CHARGE OR OINERS CLUB ACCOUNT. ; 1..~or~•i 

Cartridge tracking-the most soph isticated tests eve r devi sed 
fo r checking the perfo rm ance of your cart ridge, styl us and I Ziff -Davis Service Division, Dept. R, 595 Broadway, N.Y., N.Y . 10012. ~~ I~ tone arm. ·---------------- - ---~~~ I D Please send th e SR12 Stereo Test Record @ $6.95, postpa id IChannel balance-two broad-band, random-noise si gnals which 

($8 .95 ou tside U.S.A.). Ipermit you to eliminate any imbalances orig inating in ca rtridge. ~ amplifi er, speakers o r room acousti cs. I D Enc losed is $ . (Residen ts of Ca li f., Col., Fla., Il l ., Mich., Mo., 
I N.Y. State , D.C. and Tex. ad d applicable sa les tax.) I 

Hum and rumble-foo lproof tests that help you eva luate the D CHARGE: D BankAmeri card D Master Cha rge PE-377 Iactual audible levels of rumble and hum in your system. ~ I D American Express D Diners Club I 
Flu tter- a sensitive "musical" test to check wh eth er your turn I Account ;; Exp. Date --------
table's flu tter is low, moderate, o r h igh. ~ 1 Master Charge Interbank= (4 numbers over your name) I 

PLUSf • Cartridge and Speaker Ph asi ng • Anti  I Signature I 
Skating Adjustme nt • " Gun Sho t T est " fo r Stereo Spread • I Print Name I 
Multi-purpo se Musici an 's " A " • Equa l-te mpered Chrom atic I Ad dress I 
Octave • Guitar-tu n ing Tones . I Ci ty State Zip I 
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SURPRISE! Build inexpensively, the most Unusual Test 
Instruments. Futuristic Gadgets using Numerical 
Readouts! Catalogue Free! GBS, Box 100A, Green Bank, 
West Virginia 24944. 
UNSCRAMBLERS: Fits any scanner or monitor, easily ac 
justs to all scrambled frequencies. Only 4" square $29.95, 
fully guaranteed . Dealer inquiries welcomed . PDQ 
Electronics, Box 841, North Little Rock, Arkansas 72115. 
RECONDITIONED Test Equipment. SO.SO for catalog . 
Walter's Test Equipment , 2697 Nickel, San Pablo , CA 
94806. 
LEARN Design Techniques. Electronics Design News
letter, Digital , linear construction projects, design theory 
and procedures . Annual Subscription $6.00, sample copy 
$1 .00. Valley West, Box 2119-B, Sunnyvale , CA 94087. 

AUDIO EXPERIMENTERS, Serious Music Syn
thesizer Stuff: literature, kits, components, cir· 
cuits and more. Send SASE for FREE INFO. CFR 
Associates, POB F, Newton, NH 03858. 
SURPRISES GALORE! Projects, ham radio , music synthe 
sizers , etc . IC 's, pots. hardware , crystals . keyboards, re . 
sistors, etc . Send 13 cents stamp for catalogue. UTEP, Box 
26231B, Salt Lake Cit , Utah 84125. 

CIRCLE NO. 25 ON FREE 

Let Kester solder aid you in your home repairs 
or hobb ies. A radio , TV, model t 'ai n, jewelry, 
plum bi ng , etc. Save money- repai r it you rself. 
Send se lf-addressed stamped envelope to Kester 
for a FREE Copy of " Soldering Simplified" . 

4201 .Wrightwood Ave. KESTER SOLDER I Chicago, Ill. 60639 

CB RADIOS, monitors, crystals , CD ignitions. Southland, 
Box 3591-B, Baytown , Texas 77520. 

FERRIC CHLORIDE ETCHANT. 1/2 gallon $5.50. Gallon 

$9.50. Postpaid. CIRCOLEX, Box 198, Marcy, N.Y. 13403. 


NEW ADJUSTABLE THREE OUTPUT REGULATED POW
ER SUPPLY, plus 900 parts worth $400.00 list , contained in 
a solid state CARTRIVISION television recorder electronic 
unit. Schematics. parts cross reference furnished . Uses: 
HEATHKIT television transistor substitutions . power CB 
rad ios and MICROPROCESSORS, bu ild electronic 
projects . $17.95 plus $3.50 S&H, USA. Free brochure. 
Master Charge , BankAmericard . Satisfaction Guaranteed . 
MADISON ELECTRONICS COMPANY, INCORPORATED, 
Box 369, 055. Madison, Alabama 35758. 

INFORMATION CARD116 

IA02 
183GT 
IK3 
I S2 A 
IU4 
IV2 
IX28 
2AH 2 
2AV 2 
2021 
2GK5 
3A3C 
3A5 
3AT 28 
38S2 
3CU3A 
3CY3 
3DJ3 
3GK 5 
3HA5 
3HQ5 
3JC6A 
3V4 
4A U6 
48LB 
48Z6 
4C86 
40T6 
4EH7 
4EJ7 
4HSB 
4JC6A 
4JD6 
4KE8 
4LJ8 
5A04 
5EW6 
5GH BA 
5GJ7 
5G S7 
5GX7 
5HZ6 
5JK6 
5JL6 
SKE B 
5LJ8 
5U4G8 
5Y3GT 
5Y4GT 
6AB 
6AB4 
6AC7 
6ACIO 
6ADIO 
6AF4 
6AF9 
6AH6 
6AJ B 
6AL3 
6AL 5 
6AN BA 
6AQ5 
6AQ B 
6AR5 
6ASB 
6AU4GTA 
6AU5GT 
6AU6A 

70% OFF LIST! 
1.59 
l.S8 
l.S8 
2.27 
l.S8 
.96 

1.56 
l.S9 
1.26 
l.9S 
l.S8 
1.61 
2.SO 
l.S6 
1.70 
l.9S 
1.76 
1.70 
I.SS 
1.53 
2.27 
2.06 
1.83 
l.S8 
.92 

1.41 
1.10 
l.S6 
1.46 
1.46 
I.SO 
2.04 
1.88 
2.48 
1.80 
4.SO 
1.63 
1.88 
1.11 
1.17 
1.68 
1.20 
1.47 
1.47 
2.48 
1.76 
1.23 
1.32 
1.14 
4.69 
l.S3 
2.36 
1.73 
3.68 
2.21 
2.13 
2.94 
1.74 
.92 

1.31 
1.82 
l.JS 
.98 
.81 

2.48 
1.97 
2.41 
1.31 

6AU B 
6AV6 
6AWBA 
6AX4GTB 
6AY38 
6AZ 8 
6BA6 
68All 
6BE6 
68HI I 
68J6 
68K4C6 
68K78 
68LB 
68MB 
68N6 
68N8 
68Nll 
6BQ5 
68Q 7A 
68RBA 
68X6 
68Z6 
6C4 
6CA4 
6CA7 
6C86A 
6CG3 
6C06GA 
6CG7 
6CGBA 
6CJ3 
6CL3 
6CL6 
6CLB 
6CM7 
6CU 5 
6CW4 
6CW5 
60J8 
6DL4 
6006 
60f6A 
60W4 
60XB 
6EAB 
6EBB 
6EH7 
6EJ7 
6EM7 
6EU7 
6EW6 
6EW7 
6F6GT 
6FG6 
6FG7 
6FM7 
6GE5 
6GF7A 
6GH8A 
6GJ7 
6GKS 
6GK6 
6GM6 
6GMB 
6GS7 
6GU7 
6GWB 

ALL TUBES 
BRAND NEW 

MANU. BOXED 
70% OFF 

MINIMUM ORDER $7.50 
MONEY BACK GUARANTEE 

Terms: Minimum order $7.SO. In· 
elude postage . Either full payment 
with order or 20~ deposit, balance 
C.0.0. 

6G X6 
6H6 
6HA5 
6H 87 
6HE5 
6HFS 
6HFB 
6HQS 
6H S5 
6H S6 
6H SB 
6HV5 
6HZ6 
6J 5 
6J 7 
6JIO 
6J86 

~Jg~A 
6JE6 C 
6JG 6A 
6JH 6 

1.38 6J HB 
2.71 6JM6A 
l.S3 6JN6 
I.SS 6JR6 
1.91 6J S6C 
3.78 6JT6 
2.16 6JT8 
2.03 6JU6 
2.94 6JUB 
1.46 6JVB 
1.91 6JWB 
3.S4 6K6GT 
1.28 6K7GT 
1.89 6K8 
2.31 6KA8 
2.4S 6K06 
2.42 6KEB 
1.79 6KM6 
l.8S 6KT8 
3.3S 6KV6A 
2.67 6KZB 
1.43 6L6 

WRITE FOR 
FREE VALUE PACKED 

CATALOG 

2.Sl 
2.16 
2.03 
3.S4 
2.9S 
2.40 
1.91 
2.84 
1.77 
1.80 
l.JS 
1.64 
2.24 
4.69 
l.9S 
3.38 
2.4S 
3.38 
2.18 
2.67 
1.64 
4.86 

6L7 
6L86 
6LEB 
6LF6 
6LFB 
6LJ8 
6LMB 
6LN8 
6LTB 
6LU8 
6LX8 
6Mll 
6M88 
6MDB 
6SA7 
6SG7 
6SJ7 
6SK7 
6SL7GT 
6SN7GT 
6SQ 7 
6TBA 
6TI O 
GUBA 
6U IO 
6V6 
6X4 
6X5GT 
6X9 
7FB 
7V 7 
BAB 
BAC9 
BAR ii 
8810 
B8All 
BBM l l 
B80ll 
B8lll 1 
8C G7 
BJ VB 
BLT B 
9AO B 
9GA B 
9JW8 
IOCW5 
IODXB 
lOGK6 
IOGNB 
IOJTB 
IOJY8 
IOKR8 
I lAF9 
llARI I 
ll8MB 
llFY7 
I IKVB 
l l MSB 
12A85 
l 2AT6 
12AT7 
12AU7A 
12AV6 
12 AX7A 
12AZ7A 
128 4A 
12 8A6 
128E6 

70% OFF LIST! 
2.84 l 28H7A 
3.23 l 28Y7 
2.27 120068 
3.20 12FX'5 
2.34 12GN7 
1.76 12 HL7 
l.9S l 2J86A 
I.OS 12MD8 
1.64 12S L7 
1.92 l3GF7A 
I.OS l 3ZIO 
2.76 148Ll I 
l.S2 158DllA 
2.34 15CW5 
2.04 I 5KYBA 
2.30 I GAB 
2.19 l6LUBA 
2.03 l 7AY3A 
2.30 I 7BE 3 
1.S2 178Fl l 
2.01 l 78R 3 
1.92 I 78S3 
2.2S I 7CK3 
1.56 I 7CU5 
1.62 I 7DW4 
3.S7 17JN6 
1.46 17JQ6 
1.47 I 7JZ B 
1.82 l9CG3 
6.00 20A03 
3.00 21 GY5 
.93 21HB5 

1.88 2IJS6 
2.46 21JZ6 
1.80 21LRB 
2.2S 21LUB 
2.30 22 JF6 
1.98 22 JR6 
2.30 22KM6 
1.12 23 Z9 
1.86 24 JE6C 
1.61 25CG3 
2.31 29KQ 6 
1.67 30AE3 
1.26 31 JS6C 
1.02 31LQ6 
.98 31LZ6 

1.82 33GY7A 
1.92 35C5 
2.06 3SW4 
I.SO 35ZSGT 
2.04 36KD6 
2.13 38HE7 
2.46 3BHK7 
1.86 40KG6A 
1.S2 42EC4A 
2.20 42KN6 
l.S3 S085 
1.41 socs 
1.13 50EH5 
1.37 50G Y7A 
1.23 SO L6GT 
1.02 80 
1.13 6267 
1.74 6973 
1.77 7025A 
1.16 7l89A 
1.22 7199 

l.S8 
1.43 
2.10 
1.34 
2.22 
l.9S 
2.SS 
1.77 
2.31 
2.09 
2.55 
3.11 
2.25 
.87 

2.91 
1.23 
2.97 
l.S2 
1.52 
2.39 
1.23 
l.S2 
1.31 
1.26 
1.41 
2.16 
l.8S 
1.43 
1.58 
1.17 
2.01 
1.92 
4.30 
2.10 
1.89 
1.86 
2.66 
2.73 
3.08 
1.91 
3.20 
1.38 
3.S3 
1.17 
2.89 
3.05 
3.38 
2.42 
1.31 
.89 

1.41 
3.36 
2.92 
2.86 
3.26 
1.59 
2.7S 
1.21 
1.23 
1.47 
3.60 
l.9S 
1.88 
2.10 
1.85 
1.13 
1.73 
2.06 

. 
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CB CRYSTALS over 20,000 standard and specials 
in stock from 6.0 MHz to 45.0 MHz. Call or write 
for information package. Dealer inquiries invited. 
Roberts Electronics Sales, 73563 29 Palms High· 
way, 29 Palms, California 92277. (714) 367
6235. 
NON SEMI SURPLUS. Monthly picture flyer. Quality. Low 
prices. Send 25 cents . U.S. only . Startronics, Box 683, 
McMinnville, OR 97128. 
FREE FLYER from Colorado 's fastest growing electronic 
parts distributor. Our second big year with outstanding 
buys on kits, parts, semi 's, scientific items. Visit our retail 
outlet. J.B. Saunders .Company, 3050 Valmont , Boulder, 
co 80301 . 
BUILD AND SAVE. TELEPHONES, TELEVISION , DETEC 
TIVE. BROADCAST Electronics. We sell construction 
plans with an Engineering Service . Speakerphbnes , An 
swering Machines . Carphones. Phonevision, Dialers , Color 
TV Converters, VTR, Games, $25 TV Camera, Electron 
Microscope, Special Effects Generator, Time Base Correc
tor , Chroma Key. Engineering Courses in Telephone, Inte
grated Circuits, Detective Electronics . PLUS MUCH 
MORE. NEW Super Hobby Catalog PLUS year 's subscrip
tion to Electronic News Letter, $1 .00. Don Britton Enter
prises, 6200 Wilshire Blvd., Los Angeles, Calif. 90048. 
FREE CATALOG . Unique Components, Kits, Calculators, 
Digital Thermometers . Ultrasonics, Strobes, NI-cads, 
LEDS, Transistors, IC 's. Chaney's, Box 27038, Denver , CO 
80227. 

TELEPHONES AND PARTS. Free catalog . Write : Surplus 
Saving Center, P.O. Box 117, Waymart, PA 18472. 

PROFESSIONAL UNSCRAMBLERS-use with any scanner 
I monitor. Free information . Capri Electronics. 8753T Win
dom, St. Louis , MO 63114. 
T.V. COMMERCIAL KILLER. New solid state device will 
turn off commerc ials that exceed preset level. Plans $2.00. 
Ken's Electron ics, Box 23810, Jacksonville, Florida 32217. 
NAME BRAND Dig;tal /Analog Test Equipment. Discount 
prices. Free catalog. Salen Electronics, Box 82, Skokie, Il 
linois 60076. 

CANADA'S electronics bargain centre. Free Catalogue. 
North American and offshore inquiries welcomed . CAN
MOS, Box 1690, Peterborough, Canada K9J 7S4. 

TllpsontopCB/Ham operation 
·~ Channel 51 magazine includes tips, articles.· 
· and step-by-step guidelines to improve your 
· CB/Ham operation . More meaty editorial per 

page than leading CB/Ham magazines ! Lea rn 
to build , repair , and professionally operate 

~ -..- ·- your own unit . And more! For your Channel 51 , 
send name, address , and $1 .50 now to: 

Hufco Box 357, Dept C51 , Provo,Ulah 84601 801 /375·8566 

SURPLUS TEST EQUIPMENT: USM105A 15Mhz OT oscil 
loscope $315, UPM110 spectrum analyzer $315, TEK180A 
$85, OS8 2Mhz oscilloscope $70, Fluke 803R $125, 
HP302AR wave analyzer $650. All postpaid guaranteed 
working . Free information . ACS, Box 8104, Athens, GA 
30601 . (404) 353-1634. 

SURPLUS COMPONENTS, Communication and test equip 
ment . Illustrated catalog 25 cents. E. French, P.O. Box 249, 
Aurora, Illinois 60505. 
ALTAIR OWNERS Dress up your Altair 8800 with our front 
panel, color coded wllh two shades of blue, black lettering 
on white background, fully guaranteed . $24.95. Catalog 
free . Cycloid , Cherry Drive, Souderton , PA 18964. 

I World's smallest; solid state, sel f-contain- • 

~' ;1th~~~k! ir~~ ~;~o t 3005~.i \~r~u~5~ ~~uR~~ • 
I• 1dio. Use as mike, ampf., alarm & alert sys., • 
IJ hot line, baby sitter, etc . Money back guar. If B/A, M/C eds, COD ok. $18.95 plus $1.00 
. post. & hdlg. Cali f. re s. add tax. Mail orders • 

SIZE only. Qty. Disc. Ava il. AMC SALES, INC • • 

;: ·~~·.:·~~·=i.::.:.;.:.w.:~~·.::, 
MICROPROCESSOR Kit including memory, clock , card 
reader, controls: $99.00. Anderson , 2266 Kalmia, Boulder, 
Colorado 80302. 

COMMUNICATIONS Publications and Frequency Lists . 
Military, Government, Police, Aviat ion , Maritime and more. 
Catalog 25 cents. Handler, Box CC, Northfield , Ill. 60093. 

POPULAR ELECTRONICS 



--------------------------------------------------

FREE INFORMATION: 

Learning more about a 
product that's advertised 
or mentioned in an article 
in this month's issue is as 
simple as one, two, three. 
And absolutely free. 

Print or type your 
name and address 
on the attached, 
card. 
Use only one card 
per person. 

Circle the num
ber(sJ on the card 
that correspond 
to the numberCsJ 
at the bottom of 
the advertise
ment or article 
for which you 
want more infor
mation. 
(Key numbers for 
advertised prod
ucts also appear 
in the Adver
tisers' Index.J 

Simply mail the 
card. 
Thi s address is for our product Free In forma
tion Service on ly . Editorial inquir ies should b e 
directed to POPULAR ELE CT RON ICS, One 
Park Avenu e, New York, N.Y. 10016. 

Use only one card per person 

r------------------------------------------------POPULAR ELECTRONICS PE3773 
Use only one card per person. POSTAGE R E DUIRED 

NAME _____________ _ ___ 

ADDRESS_ ______ _______ _ 

CITY_____ STATE____ZI~--
(Z ip Code mu st be inc luded to insure delivery.) (Void after May 31, 1977 1 

How much reel-to -ree l tape have you bought in t he past 90 days7 

(P lease check one I 

0 None 06-10 01 6-20 

0 1 -5 0 11-1 5 0 over 20 


O Please send rn e 1 2 issues of Popul ar Electro nics for $6.99 and bi ll m e. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 
46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 
61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 
76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 
91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 

106107 108109 110 111 112 113 114115 116 117 118 119 120 

POPULAR ELECTRONICS PE3772 
Use only one card pe r person PC1~ll/\CI H!- OUI F4 EO 

NAME---------------- 
ADDRESS________________ 

CITY______ --5TATE____ ZI~, ---
(Z ip Code mu st be inc luded ro insure delivery.) (Void after May 31, 1977 ) 

How mu ch ree l-to-ree l tape h ave you bough t in t he past 90 days? 
(Pl ease ch eck o ne) 

0 None 06-10 01 6-20 

0 1-5 0 11-1 5 0 over 20 


O Pl ease send me 12 issu es of Popu lar Electronics for $6.99 and bill me. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 
46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 
61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 
76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 
91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 

106107 108109 110 111 112 113 114 115 116 117 118 119 120 

POPULAR ELECTRONICS PE3771 
Use only one card per person. POSTAGE 1'1EOUIF1ED 

NAME---------- ------ 

ADDRESS_______________ 

CITY-------~STATE----~Z-1~---
(Zip Code must be included to in sure delivery.) (Void after May 31, 1977 ) 

How much reel-to-ree l tape h ave you bought in the past 90 days? 
(Please check o ne ) 
0 None 0 6- 10 016-20 

0 1-5 0 11 -1 5 0 over 20 


0 Please send me 12 issues of Popular Electronics for $6.99 and bill me. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 
46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 
61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 
76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 
91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 

106107 108 109 110 111 112 113 114115 116 117 118 119 120 



FREE 

INFORMATION: 

·------------------------------------------------~ 

P lace 
gq: 

Stamp 

H ere 


Popular Electronics 

P.O. Box 2905 
Clinton, lo\l\la 52732 

P lace 
gq: 

Stamp 

Here 


Popular Electronics 
P.O. Box 2905 
Clinton, lo\l\la 52732 

P lace 
gq: 

Stamp 
H e re 

Pouular Electronics 

P.O. Box 2905 
Clinton, lo\l\la 52732 
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: :.i.1 w Stereo Reviews 

: I· {iuide to 
CVnaerstanding

8Yfusic 
What you need to know 

to increaseyour listening p/easure 
' " ......... ~·.... ". 

David Randolph 

This unique four-disc album is inte rest· FOUR LONG-PLAY STEREO RECORDS: 
ing, easy to comp rehend , and instructive. Record I- The .Elements of Music. 
It is the first proj ect of its kind to I. Rhythm, 2 . Melody, 3. Harmony, 
approach the understandin g of music 4. Texture. 
th rou gh its basic e leme nts: Record II-Sense and Sensation in

rhythm melody . .. Music. (Th e Instruments of the Orches· 
harmony . . . tex ture. Ira .) How Music is Un ified. 

Record II I-Form in Music. Words and 
Stereo Review by Davi d Randolph, Music Music. 
Direc tor of the Masterwo rk Mu si c and Record IV-Can Music Tell a Story or 
Art Foun dation, thi s fascina ting set of Paint a Picture? The Interpretation of 
stereo records will help you become a Music. 
more so phi sticated , more knowled geab le 

Written an d narrated exc lus ive ly for 

The GU IDE TO UNDERSTANDING MUSIC 
li stener-and a more compl ete ly satisfied contains 
on e as well. It will give you an "ea r fo r 

OVER 200 MUSICAL EXAMPLES whichmusic" you never thought you had . 
have been carefully chosen from amon g 
thousands of recordin gs by major record 

MUSIC , Davi d Randolph first discusses . 
In th e GUID E TO UNDERSTAND ING 

compan ies as the best ill ustratior:s of 
by means of recorded narrat ion, how the musical points made in the recorded 
composer uses and unifies all the basic narrati on. In addition, suppl ementary 
musical elements. Aft er ea ch musical musi cal demonstratior:s were spec ially re

corded for this album . 
cal demonstration of th e po int under FREE BOOKLET INCLUDED. The accom · 
di scussion is provided. Thus you become panying bookl et is a valuabl e comple· 
a part of the crea t ive musica l process by men! to the album . It presents David 
l istening, by understanding, by seei ng Randolph' s straightforward profess ional 
how music 's '' raw materials'' are em· approach to mu sic , and shares the in · 
ployed by composers and performers to sights and understandin g of his many 
attai n their hi ghest l eve l of cxpress ivity yea rs of experience in brin gi ng music to 
and communication throu gh musical li sten ers . . . as well as advice on how 
form. you can make th e best use of th e album. 

point is made in the narra tion, a musi

FIRST TIME EVER OFFERED 
The Guide to Understanding Music ha s been severa l years in th e planning and produc 
tion stages to assure that it would be as compl ete, as up ·to -date , and as eff ective a 
presen tation of its subj ec t as possi bl e. The exclusive four -di sc recordin g is now ready, 
avai lable for the fir st t ime through Stereo Review. Th e special low price is ju st $21.98, 
postpaid, for al l four 33 1/ 3 rpm stereo long- pl ay record s, a price made possi ble by the 
avai labi lity of the con sult ative and production faciliti es of Stereo Revi ew and its staff . 
Under ordinary auspic es, a work of thi s nature and importance would cost much more. 

SPECIAL SCHOOL AND LIBRARY OFFER 
Of particular importance is the role the GUIDE TO UNDERSTANDING MUSIC 
can play as a teaching tool for music departments in schools throughout the 
country. Orders for 3 sets or more are available to schools and libraries at the 
SPECIAL DISCOUNT PRICE of only $19 .78 per album, a savings of 10% off 
the regular price of $21.98. This special quantity price is also available to 
individuals and organizations who may have a need for more than one album. 
Schools may submit orders on standard purchasing fonns. 

HERE'S HOW TO ORDER: 
CASH: Mail your order along with your name, address and remittance in the 
amount of $21.98 postpaid. (Residents of Calif ., Col., Fla., Ill., Mich., Mo., 
N.Y. State, D. C. and Tex. add applicable sales tax.) l.i.J ~ 
CHARGE: To your American Exp ress, BankAmericard, Master 'fl# L'.:'.:.'.'.J 
Charge or Diners Club account! Mail your order, name, address, ~fiiiiii!iiii] 
credit card # and expirati on date (Master Charge customers ~~ 
include 4-digit Interbank # above your name) . Be sure your signature is on 
your order. You will be billed at $21.98 plus sales tax, if applicable. 

OUTSIDE U.S. A. ALBUMS ARE $26.98 POSTPAID. 

MAIL ORDERS TO: GUM. CONSUMER SERVICE DIV ISION, 


595 BROADWAY, NEW YORK, N.Y. 10012. 




, C.0.D 's MAY 
01940 BE PHONED 

BA'RREL KIT #20 
MINI BLOCK 
CAPACITORS 

100 for $1.98 
Unbelievable! Worth S5 0. 
lligh p reci s ion s ubmln i 
c n1>s !or nil npplicntlons. 
Wt. ~ OU, Cat. 3£ 3528 

ARREL KIT #2113"., • 
ALCULATOR • , , , . 

KEYBOARDS • , , . ." 

10 for $1.9 · · 
It's true! 20-key, 4 func · 
ti on ke}·boards at r idicu · 
lous J::h·e - nway. Wt. 12 o:.s. 
Cat. No. .3E 3524 

.!IARREL KIT ~81 BARREL KIT #76 ~ BARREL KIT :1 751 BARREL KIT9J/P73 BARREL KIT #71 ~! "&&BARREL KIT~
SUBMINI RESISTORS 1-WATT ZENERS 400MW ZENERS TRANSISTOR CAPACITOR SPECIAL 2 WATTERS .. .A 
200 for~ 100 for $1.98 100 for $1.9 ELECTROS 100 pcs. ('\I 1100 for~~ 

p~~P~!1~type, co lor c od- ~~~.~~~~o~~:~n~5a i! 02ff~~\·'~: ~.fr~~~r~.08~ ~~.b l;1 1~:;1~1!AV~. 50 for $l.98 $1.98 ~ $1.98 1a~~r~ 

(:l~;m;1stn ~~t\~ ~~~~rr\~~~uu . : i 1u1 :.0Dou1b1~ pf:g~· under ~1~~!e;~;~.1 e~~ue~J ~n:11l~~~n 1 e d ~~ided~~~~ '~~i1~~g~~ &e~~~!~ ~ei~:~·1cs~~\~~~~ · ct~~n~t~;): ~~~~'.e~~· s t~rli~I· ~~7d i~i~~efl~~s . tf~~~;\~

Cat.Ho 3E2746 100 % &'Ood Cat.No.l3Ei2741 Untested. Cat.No. '3E 2740 up to 3 00 ml. Ca t . '3E27 4 7 100 % good Ca t . No 3£2738 All nmrkcd. Cat.No. ,3E 2735 


BARREL KIT R61 BARREL KIT #58 ~BARREL KIT #56 lrBARREL KIT ; 54 BARREL KIT #40 BARREL KIT R39 
POLYSTYRENE CAP SLIDE SWITCHES "'POWERS! POWERS! 8 DIGIT READOU°!'S PNP HIGH · POWER 2N3055 HOBBY

1 

100 for 30 for $1.98 $1.98 ~ 10 for ,1-0'Uf;Frl"~ TRANSISTORS TRANSISTORS 

$1 98 A" ' "' "•' ·,,,.,, ' '"""""'· 100 for-tlP'' $1.98. / • 20 for -~ 15 for ~ 100 for $1.98 
Fines t .caps mnd e . As n gnm- momentnries . k ejc TOO:;n enf Large di s tributor d enned Barg:un of .i hfct1mc ' All $1 98 ~ $1 98 ~ Famous s tyle, asstd ....oh -1 
blc v; e b ou(t"ht 10 barrel s d ous hhop pa ~ r I s o house Il11 rre li1 or po-... e r '' e gnt ' ' u s I ha.rre l - the P opu;a r g c rmnnium T0- 3 f11\l uu t•11 of th e fo fllo us :!f1es i. )~~\; 06t a~.i~lt 1:~~~u d~~ 
~:\";0~dt~:~:N:'.x;i;;~; " · ~:;.t~ o'.ni:~;J;~l

5

00 % good ~~s~s~o:s ;E~o7 ~4wntWI . ~ ~~~~or d~~~t· ~~pe~.E~~~~- cnsc 3E261B1 00 % g ood 2 :-: aor.5. 3E2617 100% JK V. Cat.No. 3E2615 •· 

BARREL KIT ; 3& ~SARREL Kl~,..., BARREL KIT ,Q'3l BARREL KIT~ BARREL KIT #27 BARREL KIT #21 BARREL KIT #25~.;35 	 · :Jo 
GERMANIUM DIODES NEON LAMPS METALLIC .. «Wfft\- PREFORMED PREFORMED DISCS PLASTIC . METAL CAN 

Untrn 30 fo RESISTORS ~ RESISTORS 100 for ....('~13) TRANSISTORS TRANSISTORS ,

f~~ ..~ 1	 ,, ""' ,1~~' " '~l.9 ," ~ $1.9S 100 % good _,!~m!.~f !1c?.!.. ,200 f,,o ,,,. ,, -~~-,, $1.98 _.LD 100 for 100 for $1.98,,r01 1 :-\E ' 1\.11 1	 .. ,., .. ··•· Ii i-Fi mfr' s s hell in\' entor r $1.98 Untc.stell . Inc lud es T0- 5 . TO·l, TO1	 1 1:~ 1i~ • i~e ~h~ g~~~;s 1~1l~I. N~:~ ~~~nor~~t~ r}.-~~~d~ .m i 1\i~1;~ ~~~s t lr;.ne1/; ;~::: ~~~ 1'q,"d~..; :" watt.,r s fo r Pc use., but he d urn pl'd ·em in bar- T)•pe T0-92 (T0 -1 8), 1111 18, etc., asso rted 2J'; num 
1TESTE HS bu,· ·cm from th e and ba rrcl'ed ' em. '\ 0•1r nd· 6 % tol. & a barrel of 100 : / ", 100 1 .:'' watt.,rs. rel.s . P reform ed. for P C us... manufac turer~ . v11riet)' of he rs . unmnrk ed et c. 

f11c1ura·s. Cat.No. 3E2614 ,· :1n t age Cat.No 3E2613 ' 'alue11. Cat. No. 3[2609 No. 3[ 2608 100 % g ood ~ l ix<:d n 1l ucs too! 3E 2605 2:-\ !!'ll . Cat.No 3E 2604 Cat. No. 3EZ603 Unt es ted . 

BAKKEL KIT #118 'B "115 BARREL KIT #112 BARREL KIT /;109 BARREL KIT ·#104 BARREL KIT #101 BARREL KIT #99 ~ 
MINI SCRS MOLE.X 100 %~-MICRO MINI LEDS TERMINAL STRIPS SLIDE VOLUME RESISTOR SPECIAL PHOTO ELECTRIC ' 

good~	 CONTROLS~50 for $1.98 SOcKETS · 40 for.-c-- l't'O for $1.98 ·- . 200 for~~ CELLS 
UNBELIEVA~LEI T0- 92 200 for ·c_at.No $1.98--.. 10 for . - $1.98:~ 10 for $1.98 
Plnl'l t1 c SCHS m hnrrol11 • • • $1 98 3Ei11 All the tin}• !ed it nxlnl u p. ~ A8st . GE t}·pee, CDS types . 

~~: . ~~rt~dr~~'·tht,~o l~dOO fi:'l~n~i!~~~::i:;~~~P(;,~;<~ ~f~t~·lo:~~::~~~;,~';'ir~~ ~\~,"I SI~~~~~•.~:~~~:~~:!~ C~t~:9~ !057 \:::~~~:~o!,{,~~.:~~: 'o~: 

numbers ns MAN -4 's MAN· 

' s'se~,1nr~~~~e1 11 & 

Cat. No. 3E 2733 Unteal•!d. 

BARREL KIT #37 
1 AMP "BULLETT" 
RECTIFIERSUnt..tcd 

~i:i~ Jf..i~!;~J~o7Joi7,b 
BARREL KIT ;'93 ~BARREL KIT "' 92 . BARREL KIT :es~BARREL KIT ; a1 BARREL KIT~-··~
-HALF WATTERS 3 AMP EPOXY · BARREL ; el _(1111 LITRONICS LED ~~NATIONAL IC BONANZAHOBBY LEDS 
200 for $1.98 RECTIFIERS Uot"'°~ SILVER MICAS'--=== READOUTS ; 100 for ~ 40 for /<'. 
Reoloto• 1aoi0 , ,. «led to 100 for $1.98 100 for $1.98 10 for$1.98 ' $1.98 ~ $1.98 unirned 
fool u11 b)' mix ing lOO 'l Cos metic rejec~s, c lec tri - Axla!, red cns e, \'nrl e ty of -; 1:- ·-~. 7~7 ~ ..~in i: i \·~. tr!· Ty1ie ,. t' OOO. ·; :100 s~ r il•.i. 747's , 7 27's, s ingl es , tri 
color•codcd res istors in cnll y fine bus iness ! You phys1cnl 11h:e11 & vnl ue.a. pies . t·tl' .. :1:1 t•J O.t;, Bot l>TLs. HO .\I ~ . rei: 1:. ll.' r:< . d <wk pies , e t c..33 to 0 . 6. Bo t 
bnrrel. But value la the re. c heck 'em, it's not fo r us . Cat. No. 3[3018 frt•/!\ f:w tor\' . .ill miM·•I ; & <·ale. chq1,; , l11a•a r,., \0 t 1·. from fnc to ry , nil mixed; 
4 or.. 3EJ04G Unte 11tell Asst. voltages . 3E32Q.4 ha\'e fun : No. 3[2861 Cat .No. 3E't86 0 Untes ted. hnvc funr 3E285S 

TYPE SALE 
0 SN7400N S0.16 
0 SN7401N .16 

. Q SN7402H .16 
0 SN7403N . 16 
0 SN7404N .16 
0 SN740SN .18 
0 5N7406N .20 
0 SN7407N .25 
0 SN7408N .25 
0 SN7409N .18 
0 SN7410N .16 
'0 SN7411N .25 
0 SN7413N .45 
0 5N7 ~ 17N .32 
0 SN7420N .16 
0 5N7421N .29 
C 5N7423N .35 
Q SN7425N .27 
Q 5N7430N .16 
0 SN7437N .26 
Q SN7438N .26 
0 SN7440N . 16 
0 SN7441N .84 

, 1, 	 BARREL KIT #20 'BARREL KIT .;' 19EBARREL KIT # 17 BARREL KIT .u .. 
LONG LEAD DISCS DIPPED MYLARS~\.INIEAR a 7400 DIPS PRECISION RESISTOR 

p,10~,p;,ks~~~RP-Ar·i·cCe·sK-~: 'f9- ~~~~;s,:,.~. ~~;·~:~~"~,~~~~~i.~~'.~: '!!:f~;·~~·~- 2::.:~r---
11

mnrked on\ )'. Long leads . 'ry du111 p1nJ: cm rn hn rrels . te rn a l num bers of raw fac· ~;~kidw!~t~. ~~.~~~~~ 7 • · 
Ca t. 3£25981 00 % gooc ~at.~o~/3[12~97100 % good •ory s t oc k. No. 3EJ:43 

~--8-U_Y_l_O_o_' BARREL KIT #12 ~ ARREL KIT R11 BARREL KIT t s BARREL KIT #7 
BUY ANY 10 POWER TAB TRANS t)POWER TAB SUBMINIATURE VOLUME CONTROL 

TAKE 25% 40 for /~-YT40N;:;;
0Rs 1F TRAMsFoRMERs BONANZA! """""-/~TAKE 15% 30tor ~c 

tJ SN7494N .78 • O SN741 6 1 N .88 $1.98 · $1.98 "' ~ A 111:11:i 11i;:. iuc lunes .15t, 1< c ,., , 
u SN74160N .88 ~-	 100 for $1.98 

$1.981100 % goml 
Singles , duals , \'nr iet)' ofB~~~::~~ :;; §i~~!~i~N :i~ 8~~~:~:;~ :;; x~::·r t :J11~~c n~~~!~s . t)•pe. ~;~~·rtgJn2lkc n~~1~?s . t)'pe . ~.;: ;II :.:~~~~~~:t o:'· ~~tli ~n ~~~~~. vnlue.s, s t)'ies , big ones 

0 5N7446N • O SN74 lOGN .65 0 5N74173N 1.39 Cat.No. 3E2426 Untested. No.\3E 2425 \Jntcste<J . ufa("tu rt•r t1. 10 0 'lo 3E2422 s mall ones . Cat.No.13E2421 
69 •9 7 BARREL KIT /1 10 5N7 447 N _ 0 SN74107N .33 0 5N7 4 l7 4 N BARREL KIT :; 4 BARREL KIT ! 3 __.,..,._ BARREL KIT fj 27449 76 	 99 'sN7400 DIP IC'S .

B~~~:~~~ :i: ~ ~~;:ii!~ ::~ 8~~~:g~~ :~; 100 for ---a- sw1TcH1Nc DIODES 01Ps175 for 
0 SN N .l6 0 SN74112N .65 D sH74 

i 
7 sN · "4 000 " RECTIFIERS 1N4148 / 914 ~ LINEAR OR AMP~,. 

75 for $1.98· 
8~~;!~{~ ._ 1s Ei ~~~!i~~~ :~: 8~~;:i:~~ ~ :~~ $1.98 Untes ted. 100 for $1.98 Pe~tetl $1.98 ..·· Marked 1 ·1 and/or with rn 

4 5 0 0·g ~~;:;~~ ·.·.·6 Do SSNN77!i~~~ :~: E~~;:i:~~ i:~~ i !1~.:!· g :-., ,.~~1\~'" 1o'J~Y 2 ~ ~~ !11:::~fei;~at i:~ ;:~ ~~,; ll;i~·~~f;h rnl( ~10'~ . s~n~l~ge s dr?;:~ -5~~ \':: ~~~i~:~~~. "fl?;) in~,~~.":~~~~~~ 
o s 7•477•4NN _ B~NN7744113421 NN 1._ 0808 0 SN7 4191 N i.o5 ·~o o~,~· . s o~ ::.n_::d_:_::.oo . ::'3:E:2~4:"1':'B'.;'U'.;'n':: < c::'tl::.:-"tu~e<~:'.'~3E~2~•,;;1;,;;~;,..'i~~°'' F.13c~2!!!4~1~0'f•" •,, '?!~~5 NN7 31 SN74192N .8 7 1 ~ ~o::.o:'.!~~ o!.a ' o ::._j._cir"'.·N•o;· t c:'.•~ '~ tl~ ~· cn,,••,,0 ~,·oile rs,, 3EZ417 

0 5N747SN ·_ 4 9 n SN74145H .69 O SN74193N .83 IT ., Terms: Add posta~e Hated: net30 

0 

3 1 	 .7 30 5N7476N - 29 0 SN741 95N BARREL K ;;~ Phone : Wakefield, ?<.·lass. (617) 245-3829 
0 SN7A7BN :~~ 8~~;!i~~~ 1

:99 0 ·88 l SCRS, TRIACS, ~ Retail: 16-18 D e l Carmine St.• Wakefield,5N7 419 6 N


8~=~::~= .86 0 SN74151 N •
70 8~~~:!;:~ i::: QUADRACS MINIMUM ORDER - $6.00 


o sN7489N 1.9s o sN7 •i;!~ ,-~'; 00 ~~~:m~ ~:ii~ l 30 for " p QLY PAKS8~~;:;~~ :~~ §i~~:i~~~ '. ~g $1.98 Haw factoryO SN74284 N S.95 


47
B~=~::~~ : O SN74158N .85 O SN7".$285trt :"·95 s tock! All the 10 nmp types. 
Cat. No. 1 3E1981• • Cat.No.13£2419 Untestod . P.O. BOX 94.ZE LYNNFIELD, MA.'USA1
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BY Chomcr1cs ·: · · ~ 

$4.95 ~;~; · ;;,~~. ... :· ·: 
6/•28. # EF -21360 • ': · ,, 

TRANSISTORS 
2N2222 A TO 18 
2N2554 TO 5 
2N2712 fO 9A 
2N3415 TO 98 
2N3704 TO 92 
2N4400 TO 92 
2N4125 TO 92 

5 $1 00 
21s100 
51$1 00 
51s1oo 
5tS100 
5 $1 00 
515 1 00 
51$\ 00 
5 $1 00 
2 $\ 00 
2 $1 00 

Approx. Size: 
2N4249 TO 92 
2N4437 TO 92 

1% "H x4"Wx41h "D 
2N6027 PUT 
2N5457 N J Fct • I JUMBO .4" RED LEO 'S BEHIND RED FILTER LENS WITH CHROME RIM 

DIODES • SET TIME FROM FRONT VIA HIDDEN SWITCHES • 12124-Hr. TIME FORMAT 
• STYLISH CHARCOAL GRAY CASE OF MOLDED HIGH TEMP. PLASTICIN4()1)2 I A. 100 PIV 12/ $1 00 

1N4005 1A, 600P1V 11 $1 00 
IN 4007 lA. IOOOPIV 10/$1 00 • BRIDGE POWER INPUT CIRCUITRY - TWO WIRE NO POLARITY HOOK-UP 
nECTIFIEA 2.SA. 1000PIV 41$1 00 • OPTIONAL CONNECTION TO BLANK DISPLAY fUM When Key Off In Cer. Etc.) 

IN914 SIL SIGNAL 20/ $1 00 • TOP QUALITY PC BOARDS & COMPONENTS · EXCELLENT INSTRUCTIONS 
iN4148 SH. SIGNAL 20/ $1 .00 • MOUNTING BRACKET INCLUDED 
OYAC 28V. 4/ $1 00 

LINEAR 
555 TIMER 2/Sl 00 

~~M~~~ KIT 29'11 
lleu 9V. Benery) EA 

556 DUAL TIMER 95 
565 PLL 95 
566 FUNCTION GEN . 175 
567 TONE DECODE R 1.75 

JUMBO DIGIT CLOCK KIT 
A complete Kit (less Cabine1) c6~~E6RC§18~ 1 J1T $ 9 . 95 ea. 

DISCRETE 
LED 's 

.JUMBO HEO~~J2~in~r:. s; im·~... ~~J~i ~~.~3 ~t~· Convert s.1nall di~~ .LED clock t~ 

~Ei\s·~c1l1 ,fn:~~~ · Pt · s~~·;~r&6 ~a~vTransformer. Line Cord, Switches 
and all Parts. !Ideal Fit in Cabinet 11 ! hook ·UP in fo . 

Ki~lr~3~n ;.;; •19~~ 2f•Ja. Kit II JD ·1CC For common Ca thode 
Kit II JD -1 A I r common Anode 

10 FOR $1 00 
100 FOR $9~ 

Po!~ ~:c~ $2'° 
#AC.J EA. 

DIGITAL 
CLOCK IC's 

MM 5312 $ 4.95 
MM 53 14 3.95 
MM5375AB 3.95 
CT 700 1 7.95 
CT 7002 13.95 

PC TRIM 
POTS 

25K 6$100 
•l 7K 6·$1 00 

SPECTAOL 
10~ 10 TURN 

"' 4 / SJOO 

ARIES brought you the first calculator kit, and the 
first digital clock kit ... and now brings you three 
of the most innovative electronic kits ever made. 
The System 300 Electronic Music Synthesizer kit is 
the most advanced in the world today, regardless of 
price. The AR-781 is a space-age beauty for any 
decor. And the wholly solid state AR-830 does 
the work of a $400.00 tape memory unit. 

•...,., 
WARNING . .. if you're interested in a music syn
thesizer, don't make a move until you see our cat
alog first. It's more like a handbook than a catalog, 
with hundreds of in-depth photographs and descrip
tions to explai n electronic music principles, and to 
show equipment to do the job. ARIES now offers 
a complete com plement of modules, keyboards, and 
cases, matched to the most rigorous professional 
standards. Starter systems priced as low as $395.00. 

A clear, ruby-red cylinder 
shows off all six digits of 
this modern calendar clock. 
Easy-to-read numbers show 
the hours, minu tcs, and sec
onds, as well as the month 
and day every ten seconds. 
Red LED 7-segment numeral s are 0.33" high , in a 
sturdy cylinder 2-1/2" in diameter and 4-3/4" long, 
with finished hardwood ends. Time and calendar 
are controlled by 60 Hz line frequency, with a 12
month movement. Separate time and calendar adj
ustments. Includes all the components, PC boards, 
housing, and instructions. Shipping weight 2 lbs, 
AR-781 Clock Kit ..... ... ..... ......... ...... ........... $34.50 

Add finger-touch operation 
to your old-fashioned dial 
telephone with an ARIES 
AR-830 Automatic Digital 
Telephone Dialer. This has 
the same layout and con
venience as Ma Bell, plus other features she doesn't 
<iffer yet. For instance ... AR-830 always remem
bers the last number you dialed, in case the line was 
busy and you want to try again later. Not only 
that, but the Dialer's memory can store as many as 
ten of your favorite numbers for one-touch dialing. 
AR-830 uses standard dialing and muting contacts; 
consu lt local tariffs before connecting. Sh. wt. 2 lbs. 
AR-830 Dial.,. .Kit ..•- .......................... ....... $69.50 

ARIES INC. 
BOX 808 
Peabody, Mass., 0!960 
(617) 744-2400 

CIRCLE NO . 8 ON FREE INFORMATION CARO 

Mystery Electronic Top 
Spins for days at 2,500 rpm on invisible power. 
Best new gadget in years. Baffling brain -buster. 
Bugs the brightest. Perpetual Motion? UFO? 
Psychic Power?Anti -gravity? Scien
tific Break-Thru From Space? Magic , 
Mystery. Science combined. Spins 
without energy loss! Never wears 
out . Fun at parties. science classes. etc. 
Complete with secret. scientific exp la nation. 
Send $6.95 each + $1.00 shipping 
Johnson Smith Co. Dept. 000. Mt . Clemen 

MARCH GOODIES: 555 - 39 cents, 741 - 29 cents, 747 - 49 
cents, Fairchild jumbo LED 's red 12/$1 , green 8/$1, 2x2cm 
solar cells $1 .50. Free catalog. Our third year. DIAMOND
BACK, Box 194P, Spring Valley , IL 61362. 

ALTAIR 8800: BASIC, 12K, video display, tape interface, 
keyboard w /enclosure. more . Complete description $1.00. 
John Beggs , Box 105, Pasco . WA 99301 . 

SPECIAL THIS MONTH. IC Sockets , staggered pins, 16 Pin 
DIP. 10/$2.00 postpaid . Write for free surplus electronics 
flyer . R. W. Electronics, 3203 North Western Avenue. 
Chicago, Illinois 60618. 

S-K TOOLS - Wholesale Prices!!! Wrenches, Sockets. 
Lifetime Guarantee! 48 Page Catalog - 50 cents. Pioneer, 
Stanwood, Michigan 49346. 

C1702A $7.50; MM5330 $7.95; 2513 $9.50; CT7001 $6.75; 
XR2240 $4.20; LM3909 $0.99; COM2502 $6.95. Free Cata
log . ELECTRONIC DISCOUNT SALES, 136 N. 81st Street, 
Mesa, Arizona 85207 . 

VOICE SCRAMBLER DECODERS. TR Electronics Model
104C is the finest high quality decoder on the market. 
Adapts to any monitor, 2-1/2 watts output . 3 integrated cir
cuits , filtering to remove scratchy sound and annoying 
tone, only 3" X 2" X 4". 1 Year parts & labor warranty! 
Guaranteed satisfaction . $45.47. Dealer inquiries we lcome. 
TR Electronics, P.O. Box 527, Mason City , IA 50401. (515) 
423-7473. 

TELEPHONES UNLIMITED, Equipment, Supplies, 
All types, Regular, Keyed, Modular. Catalog 50 
cents. Box 1147E, San Diego, California 92112 . 
SIRENS. Flashers. Games, Logic breadboard Ki ts. Cata log 
free . Ego . Box 1331-pe. Thousand Oaks . California 91360. 

HAMS put your microcomputer on Fastscan A 1 V for under 
$79. Info and catalog for S.A.S .E. W60RG , 2522 Paxson. Ar 
cadia. CA 91006. 

HIGH CHANNEL crysta ls availab le for all synthesizers C.B. 
sets . Free Catalog . FBC. 2928 14th St ., N.W., New 
Brighton . MN 55112 . 

TELEPH ONE FORMA T e·· KEYBOARD 

CIRCUIT BOARD tungsten carbide drills, good used 
condition . 12 assorted for $3.95 ppd . L.R . Design. 515 Birch 
St ., McMinnville. OR 97128. 

PANEL FACES made to your specs . Let your pro ject have 
prize winning professional look . Brochure . PATCO, Box 
167. Chalmelle, LA 70044 . 

AM TRANSMITTERS. No license . $51.95. Hoskins. Box 
709 . Montclai r. N.J. 07042 . 

T.V. GAMES and other products . Ki ts . P.C. boards or as
sembled . Free Catalogue . Galaxy Ki ts. 108 North Union 
Ave .. Cranford. N.J . 07016. 

HYPNOTISM 

SLEEP learning. Hypnotic method. 923 effective. 
Details free. ASR Foundation, Box 23429EG, Fort 
Lauderdale, Florida 33307. 
FREE Hypnotism . Self-Hypnosis. Sleep Learning Catalog! 
Drawer H400, Ruidoso, New Mexico 88345. 

AMAZING self-hypnosis record releases fantastic mental 
power. Instant results! Free trial. Write : Forum (AA3}, 333 
North Michigan. Chicago 60601 . 

CABINET I 
3"H,6%"W,5%"0 

CABINET II 
2%"H,5"W,4"0 

PLEXIGLAS 
CABINETS 

SEE THE WORKS Clock Kit 
Clear Plexiglas Stand 

Kit #850-4 CP 

Ple xiglas is 
Pre-cut & drilled 

6"H ,4 '13 W ,3"0 

•23~~ 2/•45. 
NYLON WIRE TIES 

fil 7-SEG 
LED 

Fairchild Super Digit 
FND-359 

/;~g~~:t ~Jo • 
RED Com. Ca.th . 

Direct pin ' 
rep1ilctmtnl for 

popular FN0-70. 

95 f ea, 10/$8.50 
100 /$79.00 

IC oOCK ETS 
PINS 1 24 25 100 

8 s 25 ') 22 $ 20 
14 25 .22 20 
16 28 25 23 
18 31 28 .26 
24 .50 .45. .40 
28 60 55 50 
40 75 .70 65 

BOX 219 •HOLLYWOOD. FLA. 33022 • (305) 921·2056 

WE PAY All SHIPPING IN CONTINENTAL USA  OTHERS ADD 5% ( 10 % FOR AIRMAIL) 
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P.O. BOX 28810 - 0S. D. SALES CO. DALLAS, TEXAS 75228 
Z-80 CPU CARD KIT From the same people who brought you the $89.95 4K RAM kit. We were not the first to 

Introduce an IMSAl /ALTA IR compatible Z-80 card, but we do feel that ours has the best 
design and quality at the lowest pr ice.FOR IMSAl/ALTAIR 

The advanced features of the Z-80 such as an expanded set of 158 instructions 8080A 
software compatlblllty, and operation from a single 5VDC supply, are all well known. What 
makes our card different Is the extra care we took In the hardware design. The CPU card will 
always stop on an Ml state. We also generate TRUE SYNC on card, to Insure that the rest of 
your system functions properly. Dynamic memory refresh and NMI are brougl1t out for your 
use. Believe it or not, not all of our competitors have gone to the extra trouble of doing this. 

As always, this kit includes all parts, all sockets, and complete instructions for ease of assem
bly . Because of our past experience with our 4K kit we suggest that you order early. All orders 
will be shipped on a strict first come basis. Dealers inquiries welcome on this Item. 

Kit shipped with 2 MHZ crystals for existing 500NS memory. Easily modified for faster RAM chips when the prices 
come down. 


Kit includes Zilog Manual and all parts. 


JUMBO 

LED 

CAR 

CLOCK 

You requested it! Our 

Professionally engineered 

operated clock . Not a makeshift kluge as sold by others. 
Features: Bowmar 4 digit .5 inch LED array, Mostek 
50252 super clock chip, on board precision time base, 
12 or 24 hour real time format, perfect for cars, boats, 
vans, etc. Kit contains PC Board and all other parts 
needed (except case). 50,000 satisfied clock kit cus
tomers cannot be wrong! 

FOR ALARM OPTION ADD $1.50 
FOR XFMR FOR AC OPERATION ADD $1.50 

60 HZ CRYSTAL TIME BASE FOR DIGITAL CLOCKS 
S.D. SALES EXCLUSIVE! 

KIT FEATURES : 
A . 60HZ output with accuracy comparable to a digital watch . 
B . 	 Directly interfaces with all MOS Clock Chips . 
C. 	Super low power consumption . (1 .5 ma typ.) $5.95 or 
D . Uses latest MOS 17 stage divider IC . 2/$10.
E. 	 Eliminates forever the problem of AC line glitches. 
F. 	 Perfect for cars, boats , campers, or even for portabl e clocks 

at ham field days . 
G . Small Size, can be used in existing enclosures . 

KIT 	INCLUDES CRYSTAL, DIVIDER IC, PC BOARD 
PLUS ALL OTHER NECESSARY PARTS & SPECS 

50HZ CRYSTAL TIME BASE KIT - $6.95 
All the features of our 60HZ kit but has 50HZ output. For use 
w ith clock chips like the 50252 that require 50HZ to give 24 
hour time format. 

THIS MONTH'S SPECIALS! 
300.00 KHZ CRYSTAL - $1.50 


8080A - CPU CHIP by AMO - $19.95 

82S129 - 256 x 4 PROM - $2.50 


N.S. 8865 OCTAL DARLINGTON DRIVERS 

3 for $1.00 


Z-80 - CPU by ZI LOG - $69.95 

MM5204 - 4K EPROM - $7.95 


Prices in effect this month ONL YI 

4K LOW POWER RAM BOARD KIT 

THE WHOLE WORKS -$89.95 


lmsai and Altair 8080 plug in compatible. U ses low power 

static 21 L02-1 500ns. RAM 's, which are included. Fully buffer

ed, drastically reduced power consumption, on board regulated, 

all sockets and parts included. Premium quality plated thru 

PC Board . 

7400-19c 7411-29c 7451-19c 7490-65c 74153- 75c 
74LS00-49c 7413-50c 7453-19c 74LS90-95c 74154-1.00 
7402-19c 7416-69c 7473-39c 7492-75c 74157- 75 c 
74LS02-49c7420-19c 7474-35c 7493-69c 74161-95c 
7404-19c 7430-19c 74LS74-59c 7495- 75c 74164-1.10 
74L04-29c 7432-34c 7475-69c 7496- 89c 74165-1.10 
74S04-44c 7437-39c 7476-35c 74121-38c 74174- 95c 
74LS04-49c 7438-39c 7480-49c 74123-65c 74181-2 .5 O 
·7406-29c 7440-19c 7483-95c 74132-1.70 74191-1.25 
7408-19c 7447-85c 7485-95c 74Sl 38-1.95 74192-1.25 
7410-19c 7448-85c 7486-45c 74141-75c 74193-1.00 
TTL INTEGRATED CIRCUITS 74195 69C 

$16.95 

KIT 

first DC operated clock kit. 
from scratch to be a DC 

Z-80 Manual - $7.50 Separately. 

STICK IT! Huge Special Purchase 
in your clock Not Factory Seconds 

in your DVM, etc.! As sold by others! 

:,u~~~5\tlElllftl 

DIGITS ON 

ONE STICK! 

(with colons and 

AM/PM Indicator) BUY 3 for $10. 


BOWMAR 4 DIGIT LED READOUT ARRAY 
The Bowmar Opto-Stick . The best readout bargain we have ever 
offered. Has four common cathode jumbo digits with all seg
ments and cathodes brought out. Increased versatility since any 
of the digits may be used independently to fit your applications. 
Perfect for any clock chip, especially direct drive units like 
50380 or 7010. Also use in freq . counters, DVM 's, etc . For 12 
or 24 hour format. 

UP YOUR COMPUTER! 

21 L02-1 1 K LOW POWER 500 NS STATIC RAM 


TIME IS OF THE ESSENCE! 

And so is power. Not only are our RAM'S faster than a speeding 

bullet but they are now very low power. We are pleased to offer 

prime new 21 L02-1 low power and super fast RAM's. Allows 

you to STRETCH your power supply farther and at the same 

time keep the wait light off. 8 for $12.95 


S.D. SALES E XCLUS IVE!$12.95 	 $12.95MOS 6 DIGIT UP-DOWN COUNTER 

40 PIN DIP. Everything you ever wanted in a counter chip . 

Features: Direct LED segment drive, sing le power supp ly (12 

voe TYP.), six decades up/down, pre-loadable counter, sep

arate pre-loadab le compare register with compare output, 

BCD AND seven segment outputs, Internal scan oscillator, 

CMOS compatib le, leading zero blanking. !MHZ.. count input 

frequency. Very limited qty . 

WESTERN DIGITAL UART 

No. TR1602B. 40 pin DIP 


This is a very powerful and 

popular part. 


NEW-$6.95 with data 

LIMITED QUANTITY 


RESISTOR 

ASSORTMENT 


Xi W 5 % and 10% 

PC leads. A good mix 

of values. 2 00/$2. 


1702A 2K ERASEABLE 
PROM'S - $6.95 

we tell it li ke it is. We could 
have said these were factory 
new, but here is the straight 
scoop. We bought a load of 
new computer gear that con
tained a quantity of 1702 A's 
in sockets. We carefu ll y re
moved the parts, verified their 
quality, and are offering them 
on one heck of a deal . First 
come, first served. Satisfaction 
guaranteed! U . V. Eraseable. 
$6.95 each 4 for $25 

TERMS: 

Money Back Guarantee. No 

COD. Texas Residents add 5% 

tax. Add 5% of order for 

postage and handling. Orders 

under $10. add 75c. Foreign 

orders : US Funds ONLY! 


WITH. DATA SHEET 

SLIDE SWITCH 
ASSORTMENT 

Our best seller, Includes 
miniature and standard 
sizes, single and multl 
posltlon units, All new, · 
first quality, name 
brand. Try one package 
and you'll reorder 
more. SPECIAL 12/$1 . 

MOTOROLA POWER 

DARLINGTON 

Back in Stock! 


Li ke MJ3001 . NPN 80V . 10A. 

HFE 6000 TYP. T0-3 case. 

We include a free 723C volt 

reg, with schematic for power 

supply , SPECIAL-$1.99 


CALL YOUR BANK 

AMERICARD OR MASTER 

CHARGE ORDER IN ON 
OUR CONTINENTAL 
UNITED STATES TOLL 
FREE WATTS: 

1-800-527-3460 
Texas Residents Call Collect 

214/271-0022 

S.D. SALES CO. 
P.O. BOX 28810 0 

Dallas, Texas 75228 

For orders over $15. 00 Choose $1. 00 FREE mdse. 
CIRCLE NO. 52 ON FREE INFORMATION CARD 

MARCH 1977 121 

http:SPECIAL-$1.99
http:NEW-$6.95
http:74193-1.00
http:4192-1.25
http:74191-1.25
http:74132-1.70
http:74165-1.10
http:74164-1.10
http:74154-1.00


PLANS AND KITS 

FREE KIT Catalog contains Test and Experimen 
ter's Equipment. Dage Scientific Instruments, 
Box 1054P, Livermore, CA 94550. 

AMAZING ELECTRONIC 
~PRODUCTS~ 

LASERS SU PER POWERED, RIFLE. PISTOL, POCKE T SEE IN OARK · PYRO 
TECHNICAL, DE -BUGGING UNCRAMBLERS GIANT TESLA · STUNWAND · T\I 
DISRUPTER . ENERGY PRODUC IN G, SCIE NTIFIC DETECTION. ELEC TR IFYING. 
CHE MICAL. ULTRASONIC, CB. AERO. AUTO AN D MECH OEYICES. HUNDREDS 
MORE All NEW PLUS INFO UNLTO PART S SERVICE 

INFOR~ATION 11nfimilM 
CATALOG SI Boi bl6 Lo1 dl!ff,ry Pl • Amhers t. NH. 03031 

THE " KING OF KITS ". Artisan Organ Kits feature all new 
modular construction , with logic-controlled stops and 
RAM Preset Memory System. Write for brochure to : A 0 K 
Manufacturing , Inc ., P.O. Box 445, Kenmore. WA 98028. 

FOR 
THE DO-IT-YOURSELFER 

NOW! a high quality CD Electronic 

Ignition System in kit form . 
Co n tains a ll compo n e nts and so lder to 
bui l d complete Solid -State Electronic 
CD I gnition System for you r car. As 
sembly requires less than 3 hours. 

•I nc reases MPG 15% •El imi nat es 4 of5 t une ·ups 
•Increases horsepower 15% •Instant sta rting, any 
•Plugs and Points last weather 


50,000 mi les •Dual system switch 


Fits o nly 12 vo lt n e~J . ground . .. Only $2 1.95 pos tpaid11----- NStar Corporation -----ol 
P.O. Box 1727 Grand Junction, Colorado 8 1501 


INTERNA TIONAL ELECTRONICS UNLIMITE D 
10% OFF WITH $25 ORDER 2048 bit sl~tic PROM 

elect. prog. - UV eru.15% OFF WITH $100 ORDER $6.9514 pin1702A
THESE DI SCOUN TS APPL Y TO TO TAL 

OF ORDER - SPECIA LS INCLUDED 


TTL 

. 13 74S1 • 17 741 SJ 


. 17
,'.."" , 74Sl 7-41 S4 ,.., · . " 1S 74S4 . 17 
,.., HISS

.17 
,... .1S """ .35 ;::~,.... ,.., ·" 7465 .35 

74158
·,20" 7470 .JO , ""'.., .28 1471 .JO ;::~ 
,... .18 747] .35 
,.., 7474 .28 ;: ::~ 

7410 ·" 147 S ... 
741 64 


741] .43 748] ... 74166 

7414 748S ... 741 10 


7411 ·.25" 7476 .JO 741 6S 

741, ."'35 ,... ... 741 71
 
741 7 .35 7419 2.2S 

"20 mo .43 i::i~ 

7421 ·.JO" 7491 .7S 741 76 

7421 7492 ... 74111 

7-425 ·.'17" 7491 ... 741 8(1,.,. ,.,. 

1024 BIT STATIC RAM 

DTVTIL co mp. $1 4 9 

16 pin •.... 2102 


I:~.----------------------------· 
:: 	 99¢ SPECIALS 

1.79 t----------------------------41 


SV IA regul•lor TO-l 
310 V followe r Op Amp mDIP 

l11 Hi pert V Comp mDIP TO-S 


Hi Sprf'd Du11 I Comp DIP
"' ""f'll Rf'll S, 11, TO · l20 


""" 
nor ,,.. 

""";r:;: i!~ · T:~:~~JIPm 

"' Qu• d Op Amp DIP 


"' Qu11d Comp.1 r.1lo r DIP 

340K 	 Pos V re g {SV, 6V, 8V, 12V. 


lSV, 18V, 24VI TO-l
,... 
~~~. vi~~~ ~!~ ~'ci.~~ 12V. 


372 
 AF-IF Strip df'lec lo r DIP 
m 
376 	 ~~1~7i:!S!~~P DIP 

2'* "udio Amp DIP 

.6'* Audio Amp m DIP 


381 l o Noisf' Du11 I pre,1mp DIP 

382 
 l o No!~e Du•I pn·•mp DIP 

o;J l Hi11h 51" .,. r•l t' Op "mp 

140 Po ... .-r d1iwt'• TO .S 

s so Prl" C v Reg UIP 

SSS Timer mDIP 

SS6 A Du11I SSS Tim e r DIP 

S60 Phur l Ocli l"d loop DIP
,., Phue locked l oop DIP 

565 Phuf' l od:ed l oop DIP TO-S
,.. Functio n Ce n mDIP T0-5,., Tone Df'codw mD IP 

Oper11tion11I AMP TO-S o r DIP"' Hi Spttd Voh Comp DIP710 

7 11 Du11I Diff l" re ncf' Compu DIP 
m V Reg DIP 
m Dill. widf'O AMP'l 10 ·5 

Du11I Hi Perl Op Amp DIP"' Comp Op Amp mDIP TO-S"' 741 Du11I Op Amp DIP o r TO- S 
748 Fr r q Adj 741 mDIP 
1458 Du11J Comp Op Amp mDIP 
1800 Slf'reo mulliplrur DIP 

'""' Qu•d "mplilirr DIP 
Core Mrm Sr n~7524 
 AMPL DIP 


7S2S Corf' Me m Srn~ AMPl DIP 

8031 
 Volt•gf' conlr. OK. DIP 

':~ 
::: 

.99
.99 


1.lS 

i. 10 

1.49 
1 :~ 
.8' 

.&4 

.90 


.26 14 181 2.45 

7427 749S ·" 74 182 .79 

74JO ·" ,.,. "' 74 11M.20 1.90 

702 .ll 74 100 ..."' 7418S 2.10 

70 7 7410S ... 74 187 S.7S 


m• "' .25 74107 .37 741~ I.IS 
,... .1S 74121 .38 74191 1.lS 

7441 ... 74 122 .38 741 92 

7441 74121 .6S ·"
74191 .BS 

7441 ·" 74 12S ... 741 94 1.25 
,... ·.7!" 74126 .sa i4 J9S 
,.., 741]2 ... 7491 6 1 0•!!v!!!i!!c'l!!'
1: ~:t"!1!'!P!'!•!'!c!'!'"!'!•~ ••--------.-:M~A"!"'!!R~C!"!!H"!"'o:Sl!'!!Pl!'!!E!!'C~~."!A!"!!L""!!S!'41

.7! ,... 	 .7) 372 Af.lf '"'P Oel«to• DIP ~9).81 74 141 1.04 74197 

744 7 7414 S 1.04 741 98 
 l .7] S46 AM R11dio Rttrlnr Subsyslrm D" .75 


1
_ 1)10 FM Sluro ~modul11lo r DIP 2.90
,... ·" 74 150 .97 741 99 69
·."17 74100 S.4S 1496 l•~ncrd Modu~lor-Demodul11tor .99 


2. 48 
"'° ·" 1800 Steteo muhi~uH DIP'·-------------t
UlNZlOI FM G•ln Block )4db (typ) mDIP 1. 18 

LINEAR CIRCUITS 

Pos V Reg (super 721) TO- S S .7 1 

301 Hi Prrf Op Amp mOIP T0- 5 .29 

J02 	 Voll fo llower TO-S .Sl,.. Nrg V Rrg TO- S .80 

30S Pos V Reg TO-S .7 1 

307 Op AMP (s uper 741 ) mDIP T0- 5 .26
,.. Mciro Pwr Op Amp mD IP TO-S .89 


1.lS 
1.07 
.'JS 

1. t l 

KEYBOARD 
10 KEYS " , ,, 

~lilt!l8@2 SLIDE S~ OOt!JG~ 
) " l ) l , .. rniiiEJ EJ 

O~GG 

99 
-

c ea . 

LARGE RED LEI: 

~!~ 

12/99 

5 VOLT 
REGULATOR43
6 


340 T(78011 

T0-110 
 99. 

OP AMP 

741 


mini OIP 

5/99'• 
UlN2209 FM G.1.ln Block 48db (fyp) mOIP 1.lS 
2511 Chuu.1er Grnrr11tor &h8.S DIP'-24 10.10 

1046 
 Tr•nsklor Arr•y OIP-14 .71 


CLOCK CHIP& 

MM Sl 116 digit mulliplrnd BCD, 7 ~g. 12-24 


Hr, 50-60 He - 28 pin 4.45 

MMS)12 4 digil mull i plu~ BCD, 7 seg, lpps. 


12-24 Hr . 50-60 Hz - 24 pin l.9S 

MM SJ14 6 digil multiplend 12-24 Hr, 50-60 H1 


24 pin 4.45 

MM Sl 16 4 digit, 12·24 Hr, 50-60 H1 , 11l11rm · 


40 pfo 4.9S 


l .l'J t"'~S~H~IF~T"!R~E~G~IS~T~E~R~l-------ol 
\·~: MMSO l J 1024 bi! • c<um. dtn . l.]S7

1.S "1MS01t. 5001112 b11 dtn. LS'J2 

1.58 Sl 5· '°15 Qu•d 25 bil ,qq 


lS0 -4 102-4 b il muhiplf' u•d dtn l.gs 


U.9 t-"".,'::C":S:'::OC~K':•~TS~------,.;;;;.,.... 
l.4'J 	 Solder T•ll. low proflle 

l.91 ~:~7n S :~ ~ ::~ ·" 

~~ lb pin .22 40 pin ...·" 


18

1.10 pi n .19 


U S WIRE WRAP • gold pl e te 

U S 14 pin .49 

1.75 t--:~~~:":::':':~~-----~ 
H S MULTIPLE DISPLAYS 
l.'JS 'iS,.,..JJ JdiiJil . Jl"r..d llO 1.79 

.79 UP S08 l - '> d ilJi l . 11 rt'd UD 
 J..49 

.4S 7.WS 


1.1'1 UP 'iOBl· 4 digil . II 1..d llO l.25 

).)! 14 14 


CALCULATOR 
DISPLAY 

l @.WJ,ti;I 
9 MAN l MON PC BOARD 
REO 7 SEG .117"' LEO 
~'7 ~E;~.1.NAL BOARD 99 , 

EDGE 
CONNECTOR 

6/99. ' 
ELCO MODULAR UNIT 
6 PIN l POS ITI ON 

WIRE WRAP. GOLD PLATE . 156" 


2S18 He.- 12 st11lic shill reg. Sl.9S 

MVlOB lrd cle.1t lrns T0-1 8 
 .1S 


~:: ~~Id~;~:~: ~:=g £~~ier (o.c.) 
.11 

. 17 


7442 BCD to dr-cim11I drcodrr 

74Sl 	 hp. ANO-OR·INVERT g11te ·"... 
7474 Ou11I D llip-llop 

7491 4 Bil binuy counlu ·.35" 

74121 Onr shot .29 

741Sl 	 Du11I four-input multiple.er .69 


301 Hi Pu f OP AMP mDIP TO-S .21 

)11 Hi Perl V Comp mDIP TO·S 
 ,69 
721 V Rex DIP .46 


t<-~--;oa,,;;;;;.-.......----~· 

Mark I Clock Kit 
A ti \ digil clocli ldl wilh onf' do ublf' siri f'd 
P.C. bond .1ecommod11l es MM Sl 14 clock 

chip 11 nd 6 FNDlS9 .l7S" displ11y\. 12-24 

hour. S0-60 Hz. Co nt11im .i ll nl'CHury 


compon~nh, l swilches .ind romplf'll' 

~'~~~~~:ionisn~~~cr~~n; 1 " ~::~i.;,~ hPm•li cs. 
Merk I 
 $13.95 

OISCAETE LED ' ~DISPLAYS 
ME4 \ .J'IMANI 
MV SO 

M AN IA 
MA.N l \.'fl 

NSl 100 


MAN ) 225 
·" NSll Ol 

."-iA Nb ~ 
NSl.fQ1 


MAN ; 1.49 

MA.N II 225 


.. 

M VSOlO 

RIOMA .-.. bb 225 

GRUN

OLI OA ~" AM8(R 

NS7 1l '·"fNDSOO 
CU All1.19 

. 12 


. 12 


. 12 


.IS 

·
.1S 

.1S" 
·" 

DPTD ISOLATORS 
MCD2 O pto iwblor diodr '-" r...tCT2 Oplo isob1or tr•nsislOf .70 


Dau Included with order on fequftt.1.79J.3' "iP · 41 5·0"J 9 di11i1 . l ~ 8•' diHh . 
Add 5.10 e&. H itftll • Pf'ke-d bebir 'uM1'·"1--------------'--------;,;,,;;,-.;;;;.;.;;;~ 

: ::: 
.26 

.JS 

.26 

.62 
... 

1.07 
.32 

.7 1 

.JS 


1.48·" 

.·"71 
... 

4.25 

FREE CATALOG AVAILABLE ON REQUEST 

S.1tis~.1c tion g uar.mleed . Shipm e n! will b e m .1 d e pos lage prepaid wilhin 3 d.i ys f rom 
re C- l' •pt o f o rde r. Payme nl m ay be m ild(' with pNson al check, ch arge c.ird (in clude 

number J nd e~p. d a le), o r mon ey o rder. Phon e Orders - BofA and M/ C u rd or C.O. D 

Add S1.00 to cover \ hipp ing a nd h .i ndlin g if o rde r is le " lhan S10.00. 
C.i lifo rnia resid e nt \ .i dd s.1les l.n. lncludt< sh ipping e1tpe n \e for o rd e rs. shipped o ut of 
U.S.•md Can.:id.:i app ro.- . 10''.. of o rder. 

INTERNATIONAL ELECTRONICS UNLIMITED= ~ P.O. BOX 3036-R MONTEREY, CA. 93940 USA 

PHONE (408) 659-317 1 


VOICE ACTIVATED SWITCH 

~ I I C~~~~: 1 ~:p~er~~~~d~~~~:cs 
,~ Comes wi th s· leads. 3 x 

198 
1·· . Operates on 4 .5 VDC . 

Reg . Shpg . wt. '12 lb . 

XM-556 

~@ 
PL-233 59"Reg. 'i' 
1.19 

Volume Controls 
e 12 Piece Kil 
•Less Than 5c Each 
•12 Popular Values 
•Various dia. & lengths 
•Some Have Switches 

Red LED's 
•Large Dome Type 
•10mA •2 Volt 
Emits red light. Long 
life, hi-quality . Shpg. 
wt. •;., lb. 

TA-879 Limit 3 Pkg s. 
60 

M" 
with this ad - 1nute 

29 
Blank Cassettes 
t80 minutes of reccord ing time for less 
than 1 ~ per minute. 

Each in lols ol J St o c k u p n o w I 

3/ 1 9 
Shpg. wt. '/2 lb. 

Reg. .4 

HARDWARE AND COMPONENTS 
Vt RPM Tim ing Motor 115V. AC 

l -~~Mo~~~ifb~~tg;o~l~Yi :,c1 
1-Speed Motor 1llV. AC 
3600 RPM Motor 1llV. AC 
4000 RPM App liance Mot or lllV. AC 
6V. Panel lamp I-Red I-Green 
6V. 30 ma . lamp W/leads Pkg . 1 

~~V .MM~~-.~~~w8~!~8~~~b . P~~i . 22 

Mvch~~·enr ~~~d . 8~~~ -o~f 2 

Ter min al St rips . Pkg . 40 Asst d. 
258474 Output Transistor 
fauchild 703 Type IC 

it&~:gda:i1 [~PX,~~d Types 
Calculator IC Ch ip, Nortec 4202 
SCR Grab Ba g. 11 Asstd . Types 

~~~~~I~:~gm i~~ 1 :~ : :kP;n °~ . f. P . 
Alum inum Heat Sink I~ l 'h x 
11 D1g1t Ca lculator IC 

~f" ~e~ectl~~~b~~ ~~~~~~r2omm . A 
.J· 7 Seg . L.E .D.. Yellow. Comm . A 
.l"' 7 Seg . l.E .O., Red , Comm. A 

~je{1e~ . 0{~~~o~ '. s~~1 Comm . K 
Tl Calculator Keyboard , 20 Key 
16 Key Switch Pad , Less Keys 

~~1~fa~;i ~Y:,a~kg~e~~ :OYAsstd . 
455 KHz If Transformer . Pa ir 
Toggle Switch Kil , Pkg . 3 Asstd . 

~;~.·s~~~~cf:: 1~~j rc: · 8:~.· o~~ .. JA . 

f~~,1i'L~~! 1 ~iu~hT~~~:;hs ~o L JA . 
Mercury Switch . S.P.O.T. SA. 
117 V. AC Re lay. Mon o. S.P.D.T. 1A 
Mini Roc ker Swrtch, S.P.S.T. IA. 

~;~~so~1~hio~:1~ ~)i fkfol 
117 V. AC So len oid , I" Trave l 
t\•dtcs51: ~'.h s2; tcN,1 Pkg . of 1 

6 & 11V . Trans .. I17V. PRI. .5A SEC . 
11 & IOV . Trans ., I17V . PRI .1A SEC . 
6.JV. Trans.. It 7V . PR/ IA . Sec . 

M0-177 
M0-189 
M0-333 
M0-336 
MD -361 
M0-39 5 
PL-065 
Pl-170 
PL -171 
Pl-171 
PL -173 
WW-061 
XM -101 
TR -174 
TR -193 
TR·194 
TR -411 
TR -414 
TR -446 
TR-111 
TR -Ill 
XM -017 
XM·l30 
XM-339 
XM -341 
XM-341 
XM-370 
XM- 399 
XM-4 14 
XM-113 
XM-114 
XM -111 
XM-138 
ll-083 
SW-114 
SW-406 
SW-409 
SW-423 
SW -460 
SW-186 
SW-641 
SW-773 
SW-8 14 
SW-838 
SW-8 40 
SW-846 
SW-8 10 
TF -048 
lf ·OIO 
n -076 

Reg . .89 .39 
Reg . .89 .39 
Reg . 2.00 .59 
Re g. 4.98 2.49 
Re g. l .00 .99 
Reg . 1.98 .99 
Reg . 1.79 .79 
Reg ..89 .59 
Reg ..69 .59 
Rtg . .89 .69 
Reg . 1.19 .59 
Reg . 1.19 .59 
Reg . I.JO .50 
Reg . 3.79 1.19 
Reg ..99 .39 
Reg . .99 .39 
Reg . 1.19 .50 
Re g. 6.00 2.99 
Reg. 1.69 .90 
Reg. .90 .49 
Reg. 1.19 .59 
Re g. .49 .29 
Re g. 6.00 1.49 
Reg. 6.00 1.29 
Reg . 1.69 1.39 
Reg . 1.49 1.39 
Reg . 1.00 1.t9 
Reg . 1.49 .79 
Reg. 1.0U .99 
Reg. 1.00 1.00 
Reg . 1.19 .59 
Re g. 1.49 .69 
Re g. 1.10 .49 
Re g. 1.98 t.00 
Reg . 2. 19 1.49 
Reg. 1.79 .99 
Reg . 1. 29 .69 
Reg . 1.89 1.09 
Reg ..29 .19 
Reg . 1.69 .49 
Reg . 1.00 .69 
Reg . .19 .49 
Reg . 1.19 .69 
Reg . .90 .40 
Reg . 1.00 .69 
Reg . 1.10 .59 
Reg . 1.19 .79 
Reg . 3.00 .90 
Reg . 1.79 .60 
Reg . 1.00 1.29 

FREE CATALOG 

ADD~ESS _______...,!TY STATE___ I 


I 

ZIP --------- l. Send Olson Catalog I 


C Free PA Catalog c Ship The Foll owong I 

How Stock I

Many Number Description Price Total I 


I 

I 

I 
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POPULAR ELECTRONICS 

http:S.1tis~.1c
http:multiple.er


7400 TTL 5400 SERIES MOTOROLA CIRCUITS JAPANESE CIRCUITS 

7400 .21 7442 1.08 74121 .55 5400 1.00 54 75 1.50 MC174 1CG .98 AN13S 2.90 HA1312 4.05 STK05S 11.35 TA7201P 6.40 
7401 .21 7448 1.15 74122 .49 5404 1.25 5486 1.90 MC725 P 1.50 MC1804P .98 AN203 3.75 HA1322 5.20 STK415 11 .50 TA7203P 7.00 
7402 .21 7450 .26 74123 1.05 5410 1.00 5493 2.00 MC740 L 1.55 MC180SP .98 AN208 4.75 HA1339 5.20 TA7045M 3.50 TA7204P 6.50 
7404 .21 7451 .27 74125 .60 5426 1.25 54100 1.80 MC790P 1.50 MC18 10P .98 AN210 3.10 LA1201 4.25 TA7054P 3.05 TA7205P 6.50 
7405 ,24 7453 .27 74126 .81 5473 1.50 54LS04 1.00 MC832P .48 MC2053L .45 AN211 3.30 LA13S4 4.70 TA7055P 5.50 TA78005M 2.50 
7406 .45 7454 .41 74132 3.00 MC1004L 1.25 MC3004L 1.32 AN214 4.90 LA13SS S.00 TA70SOP 1.85 TA78005P 1.95 
7407 .45 7460 .22 74141 1.1 5 CMOS MC1008L 1.25 MC3006P 1.44 AN217 3.30 LA13S7 5.90 TA70S1P 2.25 TA78012M 2.50 
7408 .25 7472 .39 74150 1.10 MC1010L 1.25 MC3007 P 1.32 AN229 S.35 LA3301 4.85 TA70S2P 2.25 TA78012P 1.95 
7409 .25 7473 .45 74151 1.25 4001AE .29 4022AE 1.20 MC1 011L 1.25 MC3021L 2.15 AN234 5.75 LA4030 4.85 TA7063P 2.25 TA78015M 2.50 
7410 .20 7474 .45 74153 1.35 4002AE .29 4023AE .29 MC1036L 12.50 MC3021 P 2.15 AN239 S.50 LA4031 P 3.50 TA7074P 4.90 TA78015P 1.95 
7411 .30 7475 .80 74154 1.25 4007AE .29 4024AE 1.50 MC1 037L 12.50 MC3060L 2.65 AN241 3.20 LA4051 P 4.S5 TA7075P 4.90 TC9100P 12.00 
741 3 .BS 7482 1.75 74155 1.21 4009AE .58 4025AE .35 MC1 352P 1.05 MC3062L 3.00 AN245 S.50 LD3001 3.35 TA707SP 4.55 UPC1SC 2.50 
7416 .43 748 3 1.15 74157 1.30 4010AE .58 4026AE 1.49 MC1406CP 3.95 MC4024P 2.20 AN274 3.95 LD3080 4.00 TA7092P 6.50 UPC20C 5.00 
7411 .43 7485 1.12 74161 1.45 4011AE .29 4028AE 1.60 MC1468L 2.90 MC14501CP .31 AN277B 3.40 LD3120 3.10 TA7102 5.15 UPC41C 3.95 
7420 .21 ·7486 .45 74164 1.65 401 2AE .29 4029AE 2.90 MC1469R 2.50 MC1 4502CP 1.18 AN288 4.80 LD3141 2.40 TA710SP 3.25 UPC48C 3.95 
7422 1.50 7489 2.49 74165 1.65 4013AE .52 4030AE .65 MC1510G 8.00 MC14507CP .82 AN328 4.05 M5112 5.40 TA7120P 2.20 UPC554C 3.90 
7425 .43 7490 .69 74166 1.70 40 15A E 1.25 4037AE 4.50 MC15 14L 4.50 MC1 451 0CP 2.40 AN343 3.90 M5115PR 4.80 TA7120P-C 2.20 UPC5S3H2 8.00 
7427 .37 7491 1.20 741 74 1.95 40 16A E .65 4040AE 2.40 MC1550G 1.50 MC14511CP 2.76 BA511 3.50 M5155 2.85 TA7122AP 2.30 UPC5SSH 2.25 
7428 .33 7492 .82 741 75 1.95 4018AE 1.10 4044AE 1.50 MC1558 4.37 MC145 12C P 1.92 BA521 3.95 SG613 5.40 TA7124P 1.85 UPC575C 4.10 
7430 .26 7493 .82 74180 1.05 40 19AE .65 4047AE 2.75 MC1595L S.25 MC1 4519CG .94 HA1158 S.30 STK011 10.50 TA714SP 4. 10 UPC1001H2 5.15 
7432 .31 7494 .91 74181 3.55 4020A E 1.75 4049AE .75 MC1596G 3.31 MC14528CP 1.74 HA1159 S.60 STK015 S.50 TA7150P 4.55 UPC1020H 5.50 
7437 .47 7495 .91 741 91 1.50 4021A E 1.50 4050AE .75 MC1723CG 1.25 MC4044P 4.80 HA1202 3.10 STK025 12.50 TA7153P 6.90 UPC1025 5.50 
7438 .40 7496 .91 74195 1.00 HA 130SW 5.20 STK032 14.20 TA7200P S.25 
7440 .21 74100 1.25 7419 7 1.00 
74 4 1 1.10 74107 .49 74298 1.30 

MISC CIRCUITS IC's ON THE MOVE ltll
74L SERIES TTL 


BC184L .60 LM309K 1.95 SN15B44N .55 LM340K-5 1.95 BBD : BUCKET BRIGADE DEVICE 

74LOO .33 74LS04 .45 74LS113 .98 CA3001 .75 LM351AN .70 SN15946 .55 LM340 K-S 1.95 MM3001 19.50 MN3002 11 .70 MM3003 9.45 
74L 10 .33 74LS10 .39 74LS138 1.89 CA3005 .80 LM741CP .40 SN15B097N .so LMJ40K-B 1.95 HALL IC : DN834 1.25 DN837 1.50 

74L30 .33 74LS20 .39 74LS174 2.50 CA300S 1.10 LM1458M .S5 SN725SOP 4.50 LM340K- 12 1.95 DN835 1.35 DN838(NEW) 
74L42 1.50 74LS51 .39 74LS386 5.50 CA3018 1.SO MFC9020 1.15 SN727410N .85 LM340K-15 1.95 SN7S001 1.75 SN7S002 1.95 
74L86 .69 74LS 74 .65 74S153 2.25 CA3018A 1.SO MR995A 1.05 SN72741C .45 LM340K- 18 1.95 PLL02A MIDLAND PHASE LOCK LOOP 12.00 
74LSOO .39 74LS112 .65 74S387 1.95 CA302S 2.15 MSC99S7P1 .50 SN7274BP .49 LM340K-24 1.95 

CA3035 2.45 N5558 .55 UA703C .45 LM340T0-5 1.75 MICROPROCESSOR CHIPS 
CA3039 1.35 N8598B 5.00 UA709C .40 LM340T0-6 1.75 

74HOO TTL CA3058 1.90 NE555V .45 USF7733393 2.40 LM340T0-8 1.75 1494A 3.25 2102 2.50 MM5013 3.25 
CK707P .45 PA771131 .45 995879 S.50 LM340T0-1 2 1.75 C1702A 19.95 C2708 95.00 8008 19.95 

74HOO .33 74H1 1 .33 74H53 .39 C51 34J 1.15 PL994551 .45 996079 12.50 LM340T0- 15 1.75 2101 S.95 C4702A 19.95 80BOA 29.95 
74H01 .33 74H20 .33 74HSS .39 C5135J 1.20 RC14370B .35 998979 9.00 LM340T0- 18 1.75 MK4200 P-11 4096x1 Bit Dymanic Ram 9.95 
74H04 .33 74H21 .33 74H7 3 .59 C513S 1.25 SC99S2P .70 936-5D 1.10 LM 340T0-24 1.75 C510 1-3 1024 Bit (25Sx4) Static C-Mos Ram 4.50 
74HOS .35 74H30 .33 74H74 .59 IC3(GE) 1.50 SC99SSP 1.25 931 3DC 1.20 NEGATIVE MC14514 4 Bit Latch 4 to 16 Line Decoder 4.25 
74H10 .33 74H40 .33 74H76 .60 LM301AN .35 SN15B30N .50 93L28DC 2.75 CALL OR WRITE FOR FURTHER INFORMATION. REGULATORS 

AVAILABLE SPEC'S AVAILABLE 

HOBBY SPECIALS PACE/PATHCOM PART #'S 
ELECTROLYTIC CARBON RESISTORS 
CAPACITORS M 1111mum 5 Pc s Per V.ilut> YOU TEST 'EM SAVE BIG MONEY 130079 4.00 IP20-0123 2.75 

Power Pac 100 Asst. (includes Case T03. T066 $2.99 1300821 .65 IP20-0131 2.50 
T0220. T0202) 13-0122 1.75 IP20-0141 3.00 


2.2MF50 AXIAL LEADS .15 QUANTITY Transistor / 100 Asst. (i ncludes Case TOS, $1 .99 83-0005 2.00 IP20-0142 3.00 

3.3MF10 AXIAL LEADS .15 PRICING 5-25 :10-95 100-495 Diode Pac T039, T018, D07, 0041 ) B3-0007 2.50 IP20-0139 .43 

3.3MF10 NO POLARITY .15 •/,w5% .06 .05 .04 l.C Pac 100 Asst (inc ludes 14 & 16 Pin) $3.50 83-0008 2.00 IP20-0154 6.00 

10MF25 AXIAL LEADS .15 'h w5% .08 .07 .06 Resistor Pac 50 Asst. (Assorted values) $1 .50 83-0015 3.00 IP20-0155 2.50 

10MFSO AXIAL LEADS .15 STANDARD RESISTANCE VALUES Mos Fet Pac 10 Asst. (many top #'s Case T072) $0.99 IP20-0005 3.00 IP20-01S1 4.00 

10MF150 AXIAL LEADS .20 OHMS SCR Pac 100 Asst . (similar to:C103 Series) Case to 92, $4.00 IP20-001S .40 IP20-0177 2.75 

25MF35 AXIAL LEADS .15 10 270 820 4.7K 27K VR:10-100V. I :400MA. IGT:200MA IP20-0034 .85 IP20-017S 2.85 

30MF25 AXIAL LEADS .15 22 300 910 5.1K 33K IP20-0037 .85 IP20-0191 .72 

ZENER DIODES 47MF25 RADIAL LEADS . 15 47 330 1.0K S.8K 47K IP20-0045 2.00 

47MF50 RADIAL LEADS .20 51 470 1.5K 7.5K 100K IP20-0073 2.75 
'h & 1 Watt 10% .30 each UP TO 33V. 
100MF1S RADIAL LEADS .15 100 510 2.2K B.2K 330K IP20-0093 2.50GREATER THAN 33V CALL FOR PRICING 
100MF25 RADIAL LEADS .20 150 5SO 2.7K 10K 1.0M 
500MF50 AXIAL LEADS .60 220 S80 3.3K 15K 
1000MF35 AXIAL LEADS .S5 240 750 3.9K 22K 

POPULAR JEDEC SEMICONDUCTORS 

.30 2N4220A 
1NSO .25 2N930 .25 2N2218A .30 2N2907 .25 2N3730 2.50 2N4234 .95 
1N270 .40 2 N95S .30 2N2219 .25 2N2907A .30 2N3731 3.75 2N4400 .1S 

2SA52 .60 2SC20S 1.00 2SC774 1.75 2SC1173 .95 2SD77 1.00 1N914 .07 2N960 .90 2N2219A .30 2N2913 .75 2N3740 1.00 2N4401 .1S 

2SA31S .?5 2SC240 1.10 2SC775 2.75 2SC11 75 .S5 2SD81 3.25 2N9S2 .95 2N2221 .25 2N2914 1.20 2N3771 1.75 2N4402 .1S 

2SA473 .75 2SC29 1 .65 2SC776 3.00 2SC1209 .55 2SD88 1.50 2N1 73 1.75 2N967 .95 2N2221A .30 2N291SA 3.S5 2N3772 1.90 2N4403 .2Q 

2SA483 1.95 2SC292 3.00 2SC777 4.00 2SC121 3 .75 2SD118 3.25 2N174 3.50 2N113S 1.75 2N2222 .25 2N3019 .50 2N3773 3.00 2N4409 .1S 

2SA489 .80 2SC320 .75 2SC778 4.00 2SC 122SA 1.25 2SD130 1.25 2N178 .90 2N1142 2.25 2N2222A .30 2N3053 .30 2N3819 .40 2N4410 .1S 

JAPANESE TRANSISTORS * CB, AUDIO, INDUSTRIAL 1N34 .25 2N918 .so 2N2218 .25 2N290SA 2N3S4S .14 .45 

4.50 2SD141 2.25 2SA490 .70 2SC352 .75 2SC781 3.00 2SC1237 2N327A 1.15 2N1300 1.00 2N2223 1.00 2N3054 .70 2N3823 .70 2N441S .75 

2SA505 .70 2SC353 .75 2SC783 1.00 2SC1239 4.00 2SD151 2.25 2N334 1.20 2N1301 1.10 2N2270 .40 2N3055 .75 2N385S .20 2N50S1 .30 

2SA5S4 .50 2SC371 .70 2SC784 .70 2SC1243 1.50 2SD170 2.00 2N336 .90 2N1302 1.25 2N2323 1.00 2N3227 1.00 2N38SS .85 2N50S4 .50 

2SAS28 .S5 2SC372 .70 2SC785 1.00 2SC1 293 .85 2SD180 2.75 2N338A 1.05 2N1303 .70 2N2324 1.35 2N3247 3.40 2N3903 .16 2N5130 .20 

2SA643 .85 2SC394 .70 2SC789 1.00 2SC1306 4.75 2SD201 1.95 2N3986 1.50 2N1304 1.25 2N2325 2.00 2N3250 .50 2N3904 .1S 2N5133 .15 

2SAS47 2.75 2SC458 2N404 .75 2N1305.70 2SC793 2.50 2SC1307 5.75 2SD218 4.75 .75 2N232S 2.85 2N3375 S.50 2N3905 .1S 2N5138 .15 

2SAS73 .B5 2SC460 .70 2SC796 3.15 2SC1308 4.75 2SD235 1.00 2N443 2.50 2N130S 1.35 2N2327 3.80 2N3393 .20 2N390S .16 2N5198 3.75 

2SAS79 3.75 2SC478 .80 2SC797 2.50 2SC 1317 .so 2SD300 2.50 2N45S 1.30 2N1307 .75 2N2328 4.25 2N3394 .17 2N3925 3.75 2N5294 .so 

2SAS82 .B5 2SC481 1.85 2SC798 3.10 2SC1318 .70 2SD313 1.10 2N501A 3.00 2N1308 1.50 2N2329 4.75 2N3414 .17 2N3954 3.50 2N529S .50 

2SA699 1.30 2SC482 1.75 2SC799 4.25 2SC1325 4.95 2SD315 .75 2N508A .45 2N1309 .90 2N23S8 .25 2N3415 .18 2N3954A 3.75 2N530S .20 

2SAS99A 1.45 2SC491 2.50 2SC802 3.75 2SC1327 2SD31S 2.50 2N555 .75 2N1552 3.25 2N23S9 .25 .19 2N3955 2.45 2N5354
.70 2N341S .20 

2SA705 .55 2SC495 1.10 2SC803 4.00 2SC1338 1.75 2SD317 1.25 2NS52A 1.25 2N1554 1.25 2N2484 .32 2N3417 .20 2N3957 1.25 2N5369 .20 

2SA81 5 .85 2SC497 1.SO 2SC815 .75 2SC134S .80 2SD318 .95 2N677 6.00 2N1557 1.15 2N2712 .18 2N3442 1.85 2N403S .75 2N5400 .40 

2SA81S .85 2SC502 1.50 2SC828 .75 2SC1347 .80 2SD325 1.25 2N70S .25 2N1560 2.80 2N2894 .40 2N3553 1.50 2N4037 .so 2N5401 .50 


2SC515 .80 2SC829 .75 2SC13S4 1.50 2SD341 .95 2N70S6 .75 2N1S05 .35 2N2903 3.30 2N35S3 .20 2N4093 .85 2N5457 .35 

2S622 .S5 2SC517 4.25 2SC830 1.SO 2SC 1377 5.50 2SD350 3. 25 2N711 .90 2N1S13 .30 2N2904 .25 2N35S5 .20 2N4124 .1S 2N5458 .30 

2SB54 .70 2SC535 .75 2SC838 .70 2SC1383 .75 2SD352 .80 2N711B 1.10 2N1711 .30 2N2904A .30 2N3S38 .20 2N412S .1S CI03Y .25 

2SB56 .70 2SC536 .65 2SC839 .85 2SC1384 .B5 2SD380 5.70 2N718 .25 2N1907 4.10 2N2905 .25 2N3S42 .20 2N4141 .20 C10SB1 .50 

2SB77 .70 2SC537 .70 2SC922 .55 2SC1409 1.25 2SD389 .75 2N7t8A .30 2N2060 1.85 2N2905A .30 2N3S43 .20 2N4142 .20 

2SB128 2.25 2SC5S3 2.50 2SC929 .70 2SC1410 1.25 2SD390 .75 2N720A .50 2N2102 .40 2N290S .25 2N3S45 .20 2N4143 .20 

2SB152 4.50 2SC607 1.25 2SC930 .S5 2SC144'1 1.25 

2SB173 .55 2SC614 3.80 2SC938 .S5 2SC1448 1.25 2SF8 3.00 

2SB175 .55 2SCS15 3.90 2SC943 1.50 2SC1449 1.30 2SCF8 3.50 

2SB178 1.00 2SCS1S 4.15 2SC945 .S5 2SC1475 1.50 2SCFS 1.25 SILICON 
 HARDWARE * IC SOCKETS
2S6186 .60 2SCS17 4.25 2SC959 3.15 2SC1507 1.25 HEPS3001 3.25 UNIJUNCTIONS 'MiM!Ui 
2S6187 .SO 2SC620 .80 2SC960 2.75 2SC1509 1.25 JSP7001 .75 

2S6235 7.00 2SCS27 1.75 2SC984 1.50 2SC1569 1.25 MRF8004 3.00 2N21SO .S5 MU4892 .50 Nylon Screws, Nuls & Rivets (Complete Kit, 50 pc's) 1.99 10 100 

2SB303 .S5 2SC642 3.50 2SC996 4.90 2SC1674 1.75 2N2S46 .45 MU4893 .50 Trans H/W Mica, Bushings & Screws
MPS8000 1.25 For For 

2SB324 1.00 2SC643 3.75 2SC1010 .BO 2SC1S75 1.75 MPS8001 1.25 2N2S47 .55 MU4894 .50 Case T03, TOSS & T0220 (Specify Type, 10 Sets) 1.00 IN4001 .60 5.00 

2SB337 2.10 2SC644 .70 2SC1012 .80 2SC1S78 5.50 MPSU02 .50 2N4851 .75 2NS027 55 MK20 T03 Complete Mounting Kit 5/.99 IN4002 .70 S.00 

2S6367 1.SO 2SCS81 2.50 2SC1013 1.50 2SC1679 4.75 MPSU31 4.00 2N4852 .75 2N6028 .70 MK25 TOSS Complete Mounting Kit 5/ .99 IN4003 .80 7.00 


2SB370 .S5 2SC684 2.10 2SC1014 1.50 2SC175S 1.25 SK3047 3.75 2N4870 .50 D5E37 .35 IC Socket 8 Pin T05 Pkg. of 2 1.00ea. IN4004 .90 8.00 


2S6405 .85 2SC687 2.50 2SC1017 1.50 2SC17SO 2.15 SK3048 3.25 2N4871 .~O MU10 .35 IC Socket 10 Pin T05 Pkg. of 2 1.22ee. IN4005 1.00 9.00 


2S6407 1.S5 2SC69S 3.00 2SC1018 1.50 2SC181S 4.50 SK3049 4.75 MU4891 .50 MU20 .40 IC Socket 14 Pin DIL Pkg. of 1 .25ea. IN4006 1.10 10.00 


2SB415 .85 2SCS99 4.75 2SC1030 4.75 2SC1908 .70 SK3054 1.25 IC Socket 1S Pin DIL Pkg. of 1 .27ea. IN'4007 1.20 11 .00 


2S64S1 1.25 2SC710 .70 2SC1051 2.50 2SC1909 4.75 2SK19 .75 

2S64S3 1.S5 2SC:711 .70 2SC1060 .75 2SC1957 1.50 2SK30 1.00 


1.20 NEW-TONE ELECTRONICS 
2S6471 1.75 2SC712 .70 2SC10S1 1.S5 2SC1973 1.50 2SK33 

2$6474 1.50 2SC713 .70 2SC1069 3.50 2SC1974 PO BOX 1738A 
4.90 2SK41 1.75 

2S647S 1.25 2SC731 3.00 2SC1079 3.75 2SC1975 4.90 3SK22Y 2.75 

2SB481 2.10 2SC732 .70 2SC1080 3. 75 2SC2028 1.10 3SK40 2.75 ' BLOOMFIELD, N.J. 07003 

1.20 2SC2029 4.75 3SK45 2.75 2S6492 1.25 2SC733 .70 2SC109S I PHONE: (201) 748-8171, 8172, 8173 
2$6495 .95 2SC735 .70 2SC109B 1.15 2SC2074 3.00 3SK49 2.75 

2SB507 .90 2SC739 .70 2SC1115 2.75 
 4004 3.00 

2S6511 .70 2SC715 .70 2SC11SS .70 2SD45 2.00 4005 3.00 Tlulnk you, for your Inter"! and rnponH to New-Tonel 

2S6531 3.00 2SC.756 3.00 2SC1167 4.25 2SD65 .75 40080 1.25 
 •1.50 N.J. rHldent1 add 5% oa1e1 tax, minimum order $5.00. Phone Order• Welcome 

2S6135 .95 2SC773 .85 2SC1172B 4.25 2SD72 1.00 40082 3.00 All ordero edd $1.00 Poatage $1 .50 Canada Deel era Write or Phone for Discount Prlc... 

2SB55S 3.50 2SC762 1.90 2SC1170 4.00 2SDS8 .90 40081 

PARTIAL LISTING - WRITE FOR FREE CATALOGALL PARTS GUARANTEED 
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7400NTTL1CAfhlW 
.16 SN7459A .2!'1 
.16 SN7460N .22 SN7415-lN 1.00 
.21 SN74701l .45 SN74155N .99 
.16 SN7472N 39 SN74 156N .99 
. 18 Stl74 73tl 37 SN74157N .99 
.24 SN7474N .32 SN74160N t.25 
20 5117475N .SO SN74161tl .99 
.29 SN7476N' .32 SN741G3N .99 
.25 SN7479N 5.00 SN741&Ul 1.10 
.25 SN7480N .50 Stl74165N 1.10 
.18 SN7482 tl .98 SN74\66N 1. 25 
.30 SN 7483tl .70 SN7416 7N 550 
33 SN7485N .89 SN741 70N 2.ID 
.45 SN74B6N J9 SN74172N 8.% 
.70 SN74B8N J.50 SN7417JN 150 
J5 SN 7489N 2 49 SN741 74tl 125 

.35 SNi490N .45 SN741 75N 99 
21 Stl7.!91N 75 SN741761l 90 
JJ SN7492N .4 9 SN74177N .90 
49 SN7493N 49 Stl741 80N .99 
J7 SN 7494N 79 SN741 8W 2 49 
29 SN7495N 79 SN741 82 N .95 
.29 SN 7496N 89 SN7~1841l 1.95 

FAIRCHILCJ TECHNOLOGY KITS FAIRCHILCJ 

. ~.. -... ...i'miNOLOG> • Complete Specifications on back of each kit - ••• 
•rr •Packaged for WALL DISPLAY APPEARANCE · - ··· """ 

"<i. • Dealer's Inquires Invited - Pnce Lisi Available ' 
1 

:· 

7205 - Stop Watch Chip $19.95 . ~ •• , 
DIGITS PH OTO ARRAYS 

FTK0001 0 5· High Common Cathode DHJ1 ! Sl 00 FTK0040 9-E lement h pe Reader Array 
fTK0002 0.5" H1gh Com mon Anode 01g1 t 1 00 FTKOOJl 12-ElementCard Reader Au.ly 
FTK000 3 357' High Co mmon Ca 1hode 01g1! 75 FTK0042 Re!lectrve Qp1 0 Coupler 
fTKOOO~ O8 High Common camooe 01g1 t 2 00 
FTKOOOS 0 8 ' H~h Common Anode Otg1! 2 00 COUPLERS -------- --------! FT KOOSO J GeneralPuiposeOptoCouplers 

16.00 
2400 
JOO 

1 00 
) ()(}O.s·· HIGH DISPLAY ARRAY S FT K005 1 Dai11n gton Opto Couple r 

FT K00 10 12 Hou r. 311 01g1 t Clock01splay 7.00 ~----'----------
fT KOO l t 24 Hour . J 01g1! Clock 01so!ay 8 00 MOS CLO CK CIRCUITS 

------ --' - -'-'--- ---l FT KO JOQ 01g1ta! CIOck,G.ilenrw Cncu1t 700 

LEO LAMPS 1FCM7001) 
FT K0020 10 Rell LEO Lamps 100 FT KOJ01 D1g1tal Cloc k1Collenaa1 Wltn BCD 

WIRE WRAP CENTER 
HOBBY-WRAP TOOL·BW-630 

_ , . Battery Operaled (Size Ci 
• • Weighs ONLY 11 Ou nce s 

-.. • Wr aps 30 AWG Wire onto 
Slandard DIP Sockels (0.25 inch)

$
34

.
95 

-. Com plele wilh bui ll -in bil and sleeve 

tllauerres not ond u(led) 

WIRE-WRAP KIT~ WK·2·W_____ __ . 
WRAP o STRIP o UNWRAP \t.Q~~~\ 

• Tool for 30 AWG Wire \~ · 
• Roll ol 500 ft . Wh ile 30 AWG Wire \~ ~ 
, 50 pcs. each r·. 2" , 3'" & 4·· lenglh s  . " 

pie-strip ped wh ite wire ~ @ , 
$11.95 \di -· ' 

SN7400N 
SN7401N 
SN7J02N 
SN7403N 
SN7404N 
SN7405N 
SN7406tl 
SN7407N 
SN740BN 
SN7409 N 
SN7410N 
SN7411N 
SN7412N 
SN741Jtl 
SN741 4N 
Sm416N 
SIH-l1 7N 
SN 7420N 
SN 742 1N 
SN7422N 
Stl 742J tl 
SN7425N 
Stl7426N 
SN 7427N 
SN 7429N 
SN 7430N 
SN7432 N 
SN74 37 N 
SN743BN 
SN74J9N 
SN7440N 
Stl7441N 
SN7442tl 
SN744 JN 
SN7444N 
SN7445N 
SN7446N 
SN74·1 7h 
SN74J8N 
Stl7450N 
SN 7451N 
Stl7453N 
SN7454N 

J7 SN 7497rl 4 00 Stl7Jl851l 2.20 
42 SN741()(l N 1.00 SN74 186N 15 .00 
26 SN74107tl 39 SN741 87tl 600 

FTK002 1 5 M1~ed Colored LEO Lamps 1 00 Outputs 1FCM 7002) 
FTK0022 10 LEO Moun ting Chps I 00 flKO J02 Dutel Drive 01Q1tJ I Clock Circu1! 5 00 6 WIRE WRAP TOOL WSU·30 

31 stm1 21N" J9 SN74188tl 3 95 
.27 SN741 22 N .39 SN741 90 tl 1 19 

FTK0023 5Th1ttPiecelEO Mount1ngM.lp\ers I 00 w1thAC0utput(FCMJ8 17AJ
I- "-'-'-':_-'-.:.:.:._"'-....:.:.'-'--""-'-'---' flK0-103 Ouecl Onve 01g1tal Cleek Cucu1t 

PHO TO TRANS ISTOR S with QCOutput (fCM38 170) 
500 11-~..-"'---:-:--::-=-::c-:-:::-=-,,,CW~RA::.CC,P~·'=°ST~R=IP:_:•_U=N~W~R=A~P-·=$5~. 9=5'-I 

6 00 
WIRE WRAP WIRE - 30 AWG 

C04000 
co.;001 
C04002 
CO<llll6 
C04007 
COJ009 
COJOIO 
C040 11 
C0401 2 
C040 13 
C04016 
CD4 017 
C0401 9 
C04020 
C04022 
C0 40 23 
C04024 
C0 4025 
C04027 
C04028 
C04 029 
C0 4030 

300 H 
LM301 H 
LM301CN 
LM 302H 
LM304 H 
LM305H 
LM307CN 
LM308H 
LM308CN 
LM309H 
LMJ09K 
LM31 0CN 
LM J11H 
LM311N 
LM318CN 
LM 319N 
LMJ20K·5 
LM320K·5.2 
lM320K-12 
LM320K -15 
LM 320T·S 
LM320T -52 
LM 320T -8 
LM320T · 12 
LM320T-15 
LM320T·18 
LM320T -24 
LM323K·S 
lM324N 
LMJJ9N 
LMJ40K·5 
LM340K-6 
LM340K·8 
LM J4 0K · 12 
LMJ40K·15 
LMJ40K·l8 
LMJ40K·24 
LM340T ·5 
LMJ40T-6 
LM340T-8 
LM340T·12 
LM340T·IS 
LMJ40T-1B 
LMJ40T-24 
LM3SON 
LM351W 

.27 SN 74123N 50 $11741 9\N 1.25 

.25 SN74125N .60 SN74192N .89 
15 SN74126N .60 SN74193N 89 
89 SN741JW 109 SN74194N 125 
59 SN74 136N 95 SN74195N .75 

.75 SN74141tl I 15 SN 74196 tl 1.25 
75 StH4142N 4.00 SN74197N .75 
75 SN74143N 4.50 SN74 198tl 1.75 
81 SN74144N 4 50 SN 741 99N 1 75 
69 Stl74145tl 1.1 5 SN7420011 5 59 
79 Stl 74147tl 235 SN74 279N 90 
26 SN7414BN 2.00 SN7425 1N 1.79 
27 SN74150N 1.00 SN7428·Hl 600 
27 SN74151N 79 S!H4285N 6.00 
20 SNi4153 N 89 SN74367N 75 

MANY OTHERSAVAILABLEON REQUEST 
20% Discount !or 100 Combined 7400's 

25 
25 
25 

250 
25 
59 
59 
25 
25 

"' 56 
l35 

55149 
l25 

25 
150 

25 
69 

165 
290 

65 

BO 
35 
35 
75 

1 00 
95 
35 

1 00 
l.00 
\.10 

99 
115 
.90 
.9() 

150 
I .JO 
l35 
1.J5 
1.35 
1.35 
u s 
1.75 
175 
175 
175 
1.75 
1.75 
9.95 
l.BO 
1.10 
l.95 
1.95 
1.95 
1.95 
1.9S 
1.95 
1.95 
175 
175 
l.7S 
1.75 
1.75 
us 
1.75 
l.00 
.65 

CMOS 7.: COJN 
7JC10N 
7JC2011 
74C301l 
74C4211 
7JC7Jtl 
7JC7J 
i 4C90 N 
74C95t1 
7JC1 07 N 
7JC151 
74 Cl54 
74C 157 
74Cl 60 
7.1 c161 
7·1C163 
74CT&l 
74Cl73 
74C193 
74C195 
MCJOJ4 
MC140 1€ 

75 
65 
65 

.65 
21 5 
1 50 
1 15 
300 
200 
125 

CO J035 I 85 
CQ.;G40 2J5 
COJ042 190 
C04Q.l4 , so 
COJ0-16 2 51 
COJOJ7 <'75 
C040J9 79 
COJOSO 79 
C0J051 2.95 

"'' J OOC0405J 2 9S 
C04060 3 25 2 15 

325 
325 
300 
325 

COJ066 I 75 
C04 06 9 4S 
C04071 45 
COJ08 1 .: 5 
COJ 51 1 2 50 "" 275CD4518 2 50 
CDlS66 J.tX"i 275 

.1 5074C0011 J9 
7JC02 N 55 56 

LM1 31011 2 95 

LIN EA R t~~: ;::~ :i~ 
LM370 N 
LM373tl 
LM377tl 
LM380N 
1M rOCll 
lM381N 
LM382N 
NES01 K 
NE510A 
NES31H 
NE5J6T 
NE540L 
NE550N 
NE555V 
NES60B 
NES61B • 
NE562B 
NE 565H 
NE 565 N 
NE566CN 
NE567H 
~lE567V 
UA 70JCN 
LM 709H 
LM 709N 
LM 710tl 
LM71Hl 
LM 723H 
LM 723H 
LM 733 1l 
LM 7J 9N 
LM 741CH 
LM741CN 
LMi'.: 1-1 .:N 
LM747H 
LM747N 
LM748H 
lM748N 
lM130JN 
LM1 304N 
LM130SN 
LM1 J07N 

LM14 58C 65 
1 1 5 l t.11496N 95 
3 25 LM1 i56V 1 85 
4 00 L.M211 1N 1 95 
I J9 LM2901N 2 95 
1 05 LMJ06511 .69 
1 79 LMJ900N 55 
1 79 LM3905 tl 60 
BOO LM 3909 1 25 
600 LM S556N 1.85 
3.00 MC55 58V 1.00 
6.00 LM 7S2 SN .90 
600 LM 7535N l .2S 

.79 80J8B 495 
9 LM 75450 .49 

5.00 75451CN .J9 
5 00 75452CN .39 
500 754 53C tl 39 
1 25 75454Ctl 39 
1 75 75491CN .79 
1.25 75492Ctl .89 
195 75J94 CN .89 
I 50 RCA LINEAR 

45 CAJOIJ 2.15 
.29 CA.'.1032 2.56 
29 CAJOJ5 2.48 
79 CAJOJ9 t .J5 
39 CAJ0-1 6 1.30 
55 CA3059 J.25 
55 CA3060 J.25 

1 00 CA3080 85 
1 00 CA3081 2. 00 

35 CA.'.1082 2.00 
JS CAJOBJ 1 60 
.J9 CA3086 .85 
79 CA.1089 :US 
79 CA.'.1091 10.20 

.39 CAJ123 2.15 

.39 CA.11 30 1.39 
90 CA.'.1140 1.25 

119 CA.'.1600 1.75 
1.40 RC4194 5.95 

8S RC4 19S 3.25 

~ 74LSOO TTL ::l~~~ ~-~ 
29 

" 35 
29 
29 
69 

175 

~9 7JLSISJ 1 89 
&.:I 7.: LSl57 1 55 
.:9 7JLS1b2 2 25 

1 75 74LS 16J 22S 
2 ~9 7JtS16.: I 95 

J9 74LSl 7'5 1.95 
125 7JLS l 81 369 
125 i JtS190 285 
125 7415191 285 
195 741519? 2 85 
189 7JtSt9J 285 

59 7 ~lS I ~ 1 89 

nKOOJO S Fl a1Lens Pnoto Trans1s101s t 00 FTK04 0S 01rectOrrve 01g1tal Clock/Caler10ar 
nK0031 SAcurlO l ens Pholo Transistors 100 C1rcu1t (FCM 701 5) 
nKOOJ2 3 Rat lens Photo Oarhng1 ons 100 
n K0033 3Round Lens Pho1o 0arhng1ons I 00 KITS 

XC209 
XC209 
XC209 

12S " dla. 
Red 10/Sl 
Grttn 415 1 
Or:inge 4151 

nK0106 Au1omoo1leClockK11- •DISCRETE LEDS 
XC 111 
XC tl1 
XC 111 
xc rn 

.200 " dla .IBS" dla. .200 ' dia. 
XC22 Red 101$1 XC526 Red 1M1 XC556 Red IQ1SI 
XC22 Green J Sl XC526 Grten 4 ~1 XC 556 Green .: St 
XC22 Yellow 4 SI XCS26 Yellow 4151 XC556 Yellow .: SI 
XC22 Orange J SI XC 526 Orange 4/S l XC556 Orange .: SI 
SSL·22 RT JIS1 XC526 Clear 4151 XC556 Clear 7fS 1 

JOOO 

.90 " dla. 
Red 10/S l 
Green 4/Sl 
Yellov.· J/S1 
Or Jnge J/SI 

.08S " dla . 
MV SO 
OBS dia Micro 

reti LEO 
b1S1 

SPECIAL •  XC556 Red 100/SB .OO 1000/S60.00 - SPECIAL • 

°' '" .. DISPLAY LEDS 
TYP E 
M~l 

MAN 2 
MAN 3 
MAN J 
Mi\N i 
MAN iG 
M.l.117¥ 
MAN52 
MAll 6;1 
MAN 72 
MMIH 
r.V<NB2 
MAJI 114 

Spm 
1J t11n 
16 om 
1801n,,., 
1.: 01n 
l6p1n 
1Som 
2J pm 

Spm 
I~ llln 
16 pm 
18pm 

10pm 
14 p1n 
!6pm 
18p1n 

POLARITY 
Common Anoc!e 
5 • 70otMJ\!IA 
Common Ca1hode 
Common CJ1holle 
Common Anode 
Common Anolle·green 
Commo11Anode ·yel1ow 
CommonAno!le-green 
t:omrnonAnolle·re!l 
Common Anode 
Commonca1hode 
Common Anode-yellow 
CommonC~1ho(le·1·ellOw 

HT 
270 295 
300 ·195 
125 39 
187 19S 
300 125 
300 195 
300 195 
300 1 75 
~00 1 75 
300 1 25 
300 1 50 
JOO 1 15 
300 1 75 

TY PE 
MAll J620 
MAP/ 36~0 
MAU 47 10 
Ol70 1 
OL 70 4 
Ol707 
OL 7'18 
OL 747 
0L750 
OLJJB 
Hl070 
Ftl0503 
FN0507 

POLA RITY 
Commcn Ano<1e·o1anr,;e 
Commcn Ca!hOOe-orange 
Common Anode ·Red 
Common Anode-red · 
Common Ca\h Ode 
Common Anode 
Common Cathode 
CommonAnoue 
Cornrnon Cat11ode 
Common Ca 1tioue 
CommonCamoae 
Commoncatnode 
CommonAnoae 

IC SOLOERTAIL  LOW PROFILE (TINI SOCKETS 
1-2J 
5 17 

20 
12 
29 
37 

S 2i 
30 
35 
J9 

530 
35 
38 
52 

S 45 
39 
J3 
75 

25-J9 
16 
19 
11 
1B 
36 

25 
27 
32 
JS 

27 
32 
35 

" 
-11 
38 
J1 
68 

50 

1 
: 
0 
foo . ~ ~:~:~ 

36pm 
27 JOpm 

35 SOLDERTAIL STANDARD (TIN I 

1 
2 
4
5 
- 26pm

J6pm 
JO JOpm 
42 
SOLOERTAIL STANDARD (GQLO)

11 · 24 pm29 2B pm 
32 36pm 
n 40pm 

WIRE WRAP SOCKETS (GOLD) LEVEL #3 

;; .. -JI 
62 

?. 4 pm 
2Bpm 
36!11n 
JOpm 

1·2J 
5 38 

45 
60 
63 

5 99 
1 39 
159 

s 70 
110 
175 
175 

SI 05 
IJO 
159 
175 

IJL33B 

HT 
300 175 
JOO 175 
400 19S 
300 llr. 
300 M 

300 "" 
500 
600 225 
600 2 49 
110 50 
250 75 
500 1 00 
500 l llO 

25· 49 
31 

" 59 
62 

90 
126 
IJ5 

63 
100 
IJO 
159 

95 
1 15 
IJ5 
155 

50-100 
36 
J3 
58 

" 
" 11 5 

1 30 

57 
90 

126 
IJ5 

85 
l lO 
1 30 
IJO 

astic Push Button Switch MINATURE TOGGLE SWITCH 
·1sAWG SolldWire ·5" long 
• .SO (wi de) X .60 lhlgh) 11 ·27 Thread 
• 8 AMP @ 14 Voll • 1 AMP @ 110 Voll 

1·9 10 -Up 
J-188-1 P11s h On-Pus h Ott 59 49 
J·1 88·2 No1mllly Open 59 49 
J-188 -J Normally CIOSed 59 49 

JMT-221 
JMT -223 
JMT- 121 
JMT-123 

DPOT 
OPOT 
SP OT 
SPOT 

on /off/on 
on/none/on 
on /ofl/on 
on /none /on 

Sl.95 
51.75 
51.50 
51 .25 

CLIPLITE NEW LEO MOUNTIN GSYS TEM - 10 be used 
wilh XCSS6 LEOS- SPECIFY COLORS - 8/$1 49

*SPECIAL* REO- GREEN - AMBER - YELLOW • 

50 PCS. RESISTOR ASSORTMENTS $1.75 PER ASST. 
ASST. 1 

ASST. 2 

ASST. 3 

ASST. 4 

ASST. 5 

ASS T. 6 

ASST. 7 

10 OHM 12 OHM 15 OHM 18 OHM 22 OHM 
5 ea . 27 OHM J3 OHi.i 39 OHM 47 OHM 56 OHM 

6B OHM 82 OHM 100 OHM 120 OllM 150 OHM 
S u . 180 OHM 220 OHM 270 OHM 330 OHM Jg() OHM 

470 OHM 560 OHM 680 OHM 820 OHM 
Su. 1 2K 

J3K 
Su. 82K 

Sta. 56K 

150K 
S u . 390K 

II.! 

Sn. '2 7M 

"' 3911 
10< 

"' "'180)( 
470 K 

I 2M 
33M 

18' 

~ 7K 

"' 3311 

'" 220li 
56QI( 

15M 
39M 

22' 

56' 
15< 
39' 

IOOK 

27()1( 
68 

1 BM 
47M 

" 17K 

68K 

'" 120K 
JJOK 

"" 2 2M 
56M 

114 WATI 5'\;, SO PCS . 

114 WAn s·. 50PC S. 

114 WATI 5~:. 50 PCS . 

114 WATT 5.,. 50 PC S. 

114 WATTS% SO PCS . 

114 WATT s•_. 50PCS . 

114 WA TT S'Y. SOPCS . 

74LSOO 
7JLS02 
7JLSOJ 
HLS0-1 
74LS05 
7JLS08 
7Jl$10 
HLStJ 
74LS U 
74LS20 
H LS26 
74LS27 
74LS2B 
7JlS30 
7JLS32 
7JlSJO 
7.tLS51 
7JLS55 
74LS73 

29 
39 
39 
39 
29 
39 
39 
29 
19,, 

7JtS7 J 
74L$75 
7;j LSl6 
74tS83 
i.:LSS!> 
i JlS86 
74LS90 
7.: tS92 
7JLS9J 
74tS95 
7JLS96 
7JLSl07 
74LSI09 
7JL5 11 2 
74L51J2 
i Jl$1J6 
7JLS 1J8 

1 
l! mim :l~ ~:':"::A::"S:::S~T~.~BR~:'."ln~c-lu'::'d'::'es":R'."e":'s-:is:-to:-r-A_.ss.,o"'rt":m.-e.-n~ts;..1~·-7~(3~5_.0.;.P.;;C.;;S;,;. ),.$.:;.,;1.;;0.;;•.;;9.;;5:...;:e~a;.:._-I 
59 

iJL
5279 79 

SS.DO Minimum Order U.S. Fund s Only Spec Sheets • 25~  Send 24~ Slamp for 1977 Catalog 

1 89 74 LS
6
i 0 3 95 Califomla Resl denl s  Add 6% Sales Tax Dealer Discount Available - Request Prici ng 

~~~~Ja1nesMMSJ09 
MM 53 11 
MM5 312 
MM5 J14 
MM5J 16 
MM5318 
CT700 1 

CLOCK CHIPS 
6 01g1 t. BCD Oulputs, Reset P!N 
6 01g11. BCD Oulpul s. 12 or 2 ~ HOU! 
J 01g1 t. BCD Outputs, 1 PPS OutPU! 
6 Oigrt. 12or 24 Hour. 50cr 60 Hi 
4 01g1t. Alarm. I PPS Output 
Video Clock Chip . For Use W1t n MM S841 
501011. Cal!OClar. Al.ai m. 12 01 24 Hour 

D AT A H AND BOO KS 

S9.9S 
4.9S 
4 95 
~ 95 
6.9S 
995 
5.95 

7400 Pon·ou l & Description ol 5400/7 400 tCS $2 .95 
C~QS P1n ·out & De$ cript1on o f 4 0 00 Series ICS $2 .95 
L m ear Pin out & Func1 1onal D ei c1ip1ion S2 .95 

A LL TH R EE HAN DBOO KS SG.9 5 

ELECTRONICS~o~ 
~ 
~ 1021 -A HOWARD AVE .• SAN CARLOS . CA . 94070 

PHONE ORDERS WELCOME - 14151 592-8097 
All Advertised Prices Good Thru Mardi 

25 ft . min . Sl. 25 50ft . 51.95 I OO ft . 52 .95 IOOO ft . S1 5. 00 
SPECIFY COLOR - While· Yellow · Red - Green - Blue - Black 

!I Rl lS $ fl 1101 M..,01A...., loh 

Kffl_li 
ACClSSORrlS 

l'•l "lo ; - Ofto,phon : l'•o<• 
S RfP • £<><1 Pl•t"' !Pot"/ S !>O 

~: ~; r ~11;:.'*:i :!:~ ·,~~~7· · :g
.j_ll +_j ll_ _ M•U 8 11<1 1 l~«hl ~0 

Permacel Electrical Tape 
• 1~ " (wide\X6611 !10ng ) . Allwe31her • Nol Import 

$1.49 per roll - $12.50 per 10 roll patk.aQe 

ZENERS - DIDOES - RECTIFIERS 
TY PE VOlTS W PRICE TY PE VOLT S W PRICE 
l llid6 J 3 400mm 411 00 1N400 S 600 PlV 1 AMP 10•1 00 
1N 75 1.A 5 I .: ()()n .: 1 00 1N4 006 800 PJV I A/AP 10 I 00 
1N 7S2 5 6 JOOm .: 1 00 lt/~00 7 1000 PIV I AMP 10 I 00 
1N753 6 2 :!OOm J1 1 00 1N3600 SO 200m 6 1 00 
1N i5.: 6 8 JOQm 411 00 1N•ll48 75 10m 15 1 00 
1tl959 82 .: QOm 8'1 00 1N41 5J 3.'i 10m 1? 1 00 
1N9658 15 J(l(]m J 1 00 1NJJ05 i5 25m 20 1 00 
1N52J2 S6 50Cm 28 1NHJJ 5 6 28 
INS23J 6 2 500m 28 1N47J5 6 2 1w 28 
1NS235 68 500m 28 1N4i36 68 28 
rns235 1 s sron 28 1t14738 8 2 28 
1N4 56 25 .!Om 6•100 IN: i 4? 12 28 
I N4~ 150 7m 6, 00 \NJ7 J.: 15 1w 28 
1N485 A 160 lOm 6·1 00 1111 183 50 PIV 351.MP 1 60 
1N400 1 SO PIV 1 AM P 12 1 00 INl1 8~ 100 PIV 35 AMP 1 iO 
1N4002 100PIV 1 AM P 12 1 00 m11 85 150PIV JS AMP 150 
!N400.:! 200 PIV 1 AM P 12 1 00 tN11 86 200PIV J5 AM P 180 
I N40QJ 400PIV IAMP 12 100 ltn188 J{)(]PIV 35 AM P JOO 

SCR AND FW BRIDGE RECTIFIERS 
C360 
C38M 
2N2328 
M0A980-1 
MOA9d0 -J 

SCA 
SCA 
SCA 

1SA @ 400V 
35A @ 200V 
\ .6A@200V 
12A@ SOV 
12A @ 200V 

FW BRIDGE REC 
FW BRIDGE REC 

5195 
195 

50 
l95 
195 

"'100 
5'SIOO 
l.$100 
(SI 00 

~ S 10C ' MtOO 
11 100 
HIOO 
JS:OO 
Vil 00 h 
i'S!OO 
!:. SIOO 
2. 5" 00 

' " SIOO 
S125 

"'1 00 
511 00 

TRANSISTORS 
l'Nl567 3$100 
PN.l568 4•$1 00 
PN JS69 41$1 00 
2NJ11).1 !:. $100 ¥
mJ705 5Sl00 
?Nl706 ~11 00 
noro1 !:. 5100 i 
2NJ711 >S t 00 
2N3724 S ~ /; I 
2N3725 51 00 
2N39J3 HIOO 
ml~ 411 00 
2Nl905 411 00 
2N3906 ~ 1'1 00 
W~0 1 3 J,s1 00 
2NJ0U l 'S1 00 
21'Ml23 10/S100 

PIH2~9 4$ 1 00 
PHJ:>!iO 4 $1 00 
2N~400 4 SI 00 
2t/H01 4$100 
2tNJ02 4'$100 
2N4.t03 451 00 
2NH09 5$100 
:U50S6 U IOO 
2N'!i087 J St 00 
?N'!i088 4$100 
2NS089 ~ St 00 
lt6129 H100 
2N~1l8 HIOO 
ZN51l9 S.1 1 00 
{ l! '.J21)9 ~1 1 00 
W5~1 >S100 
C1066 1SCR HIOO 
2NSJ3? 5100 

CAPACITOR 50 VOLT CERAMIC CORNER 
DISC CAPACITORS 

1·9 10-49 50·100 J.9 !0 ·4950·100 
10pt 
22pl 
47pt 

100pl 
220p! 
470pl 

05 04 .OJ 0011-'F 05 04 035 
05 0.: .03 0047µF 05 .04 035 
OS .04 .OJ Ol1• f .05 .04 035 
.05 .04 .03 .022µF 06 05 04 
.05 .04 OJ 047µF .06 .05 .04 
.05 0.: .035 lµf 12 09 075 

OOlm! 
0022 
OQJ 7mf 
.Olm! 

l /35V 
IS!35V 

.22/JSV 
33!35V 
.: msv 
.68!35V 

l .0!35V 

100 VOLT MYLAR FILM CAPACITOR S 
12 10 .07 022ml 13 11 
12 .10 07 047ml 21 17 
12 10 .07 1mr 27 2J 
12 . ID 07 22ml JJ 27 

• 20% OIPf'ED TAHTALUM S (S OLID ) CAPACITORS 
.28 23 .17 I 5135V 30 26 
28 23 .17 2.2125V .31 .27 

.28 .23 .17 3 3125V JI .27 
28 .23 . 17 4 712SV 32 28 
28 .23 .17 68125V 35 Jl 
26 23 .17 10/25V 40 35 
28 23 .17 1S/25V .63 50 

MINIATURE ALUMINUM ELECTROLYTIC CAPACITOR S 
AxJal Lu d Radia l Lead 

.47/SOV . 15 .lJ .10 47f25V 15 .13 
1.0/SOV .16 .lJ 11 J7/5<N .16 .14 
3.3/SOV 15 IJ .10 l.0/16V .15 13 
4.7/2SV .16 .14 .12 1.0/25V . !6 .14 

10/25V I S IJ .10 l0t50V 16 14 
10/SOV 16 .14 .12 4.7116V .15 1J 
22/2SV 17 .15 .12 4 7/25V 15 13 
22 /SOV .24 .20 18 J 7/50V 16 14 
47125V .19 . 17 .15 10/16V 14 .12 
47/SrN 25 .21 .19 1012sv 1s .1J 

100/25V .24 .zn .18 10/SOV 16 14 
100.'SOV .35 JO 28 47/SOV 24 21 
220!25V .J2 .28 .25 100/16V 19 15 
220/SOV .JS .41 JS 100!25V 2J 20 
470 12SV JJ .29 27 100/SOV 35 .JO 

1000/1 6V .55 .SO .JS 220/16V 23 17 
2200l16V .70 .62 55 470125V .31 .28 

08 
13 

"22 

.21 
22 

.22 
23 
25 
25 
.40 

10 
.ll 
. lO 
.ll 
. ll 
TO 
10 

.ll 

.09 · 

. lO 

.12 
19 
14 

" .28 
. 16 
.26 

POPULAR ELECTRONICS 124 



- ' ""'-"- THESE FREQUENCIES ONLY I ~--J- -
Pa l# - - Frequency Ca se/Style ~ 
CY1A 1.000 MHz HC33/U $5 .95 
CY2A 2 000 MHz HC33/U $5 .95 
CY3A 4.000 MHz HC!81U· $4 .95 
CY7A 5.000 MH z HC18/U $4 .95 
CY12A 10.000 MHz HC18/U $4.95 
CY14A 14.31818 MHz HC18U $4 .95 
CY19A 18.000 MHz HC18/U S4 .95 
CY22A 20 .000 MHz HC18/U $4 .95 
CY308 32.000 MH z HC18/U $4 95 

XR-2260KB Kit S27 .95 XR·2206KA Kit S17 .95 
WAVEFORM TIMERS 

GENERATORS .o. R·555CP 
AR20!:i se.:o EXAR ' "•A J20P 155 
.i. R2206CP .:.:g AR 556CP 185 
>A ?207CP 385 MISCELLANEOUS )( R·2 556CP 3 20 

.o.R ·l21 1CP S6i0 XR· 22.!QCP ' " SlEREO DECODERS 1R ·J1 36 '" PHASE LOCKED LOOPS 
l R· l.: 10CP 53 20 ;i,R.1 .:55 3 85 .o.R ·2 10 520 
lR ·1310(P 3 20 IR · lJ88 580 AR ·2 15 660 
AA· 1800 P 3 10 ~ A- 1 J 89 "'° ;i.R -567Cf' 195 
AA ·256 f 199 XR-2208 520 XR -567CT l i O 

CONNECTORS 
PRINTED CIRCUIT EDGE-CARD 

.156 Spacing-Tin-Double Re ad-Out 
Bifurcated Contacts - Fits .054 to .070 P.C . Cards 

15/30 PINS 1Solde1 Eyelet ) S1 .95 
rn125 PINS (Sol der Eyelet ) S2 .49 
221.1c PINS iSoldei Eyelet ) S2 .95 
50/100 , 100 Spacing) PIN S (Solde1 Eyelet ) S6 .95 

08 25 
08 ?5 

25 PJN-D SUBMINATURE 
PLUG 

SO CKET 
S3. 25 
S4 .95i1M31/2 DIGIT DVM KIT 

) • •
Th 1s 0-2 VOC 05 per cen! d191tal voltmeter fea1mes 1h~ Motorola 31h digit 
DVM chip set II has a .4 " LED display and operate s rrnm a single ... 5v 
pow er supply Theuni!isprov1dedcomple1ewilhanin1echonrnoldedblack 
pla s11c case complete with Bezel. An optional pow er suppl y is available 
whi ch tits intoIhe same case as the 0-2VOVM allowin g 11 7VAC operation 

A. 0-2V DVM with Case $49.95 

B. 5V Power Supply $14.95 

VECTOR WIRING PENCIL 

REPL ACEMENT WIRE - BOBBIN S FOR WIRING PEN CIL 
W36·3·A·Pk g 3 250 !1 36 AWG GRE EN $2.40 
W36·3-B·Pkg 3 25C fl 36 AWG RED $2.40 
W36 -J.C-Pkg 3 250 11 36 AWG CLEAH $2 .40 
W36 <3·0-Pkq 3 250 It 36 1\WG BLU E S2.40 

·.. ..... 
1/ 16 VECTOR BOARD 

;:,·::: . 

tPOH GU\ :,::, 
COPP[ R Ct.:•D 

O. l " HoleSpacing 
Pail No 

6~P.: . : 062 i) _.. p 
\ 69P.: ~ 02 n ~ P 
6 ~P !.1 062 
ij .:P.:.:062 
; 59p . ;~ 06 2 
1 69PB ~ 062 
169P4~ 062C l 

P-Panern Pr ice 
l w 2 -Up 

.: jl) 6 50 1 1'/ , 5, 
0 50 1;00 J 69 jJ2 
.: 50 6 50 2 0; "' ' "' 650 1 56 2J 1 
, 50 l iOO 5 0·1 .: 5~ 
650 1;00 913 616 
. :~ l i 00 6 80 6 11 

- HEAT SINKS u 
205·CB 6 e ,~ 111 urn Copper Heat S i n~ w1 m 01,10. f111• sh 101 10 ·5 S .25 

29 1·. J6H !'ll unM um Heat S• nl< tor 10 ·220 T1,1n s1stors t. ReQ111a1u 1 ~ S .25 

6B 0·. 75A Blac~ AllOO•lt O ~ tun 11n11m $1 .60 

HEXADECIMAL ENCODER 19-KEY PAD 

63 KEY KEYBOARD 

~ ,.. • ' ' > ~ ' 

~· '" • ~ " • l ~ • 0 I I 

• 1 0 
• ABCDEF 
• Return Key 

• Oo11ona! Key 1Pe r1od) 

• - Key 

$10.95 each 
ll1 1 s 1. eytJOar11 1 n.itur~ 63llf\Cn · 
rnrl~t! SPST ~ey > 11na tt;1 ctwd IO 
,my ~ • ml 01P C !I I\ ve ry 50h(I 
rnol!~ etl ulJ~ l1 c 1'.l • ·l 0.15e 
s111ts most .io nhc all(m ~ 

I ~ • • ~ o .. " • l ~ -
..... • JO......... $19.95 

JOYSTICK 
Thes ejoyst1cks 1eaturefour " 
potent1ome1ers. 1ha1 val')' re· 
sistance proportional to !he 
ang!eo!thestick . Sturdymetal 
conS!ruction with plas !ics 
componentsonJyatthemova

\ . 

~OTO to~ ~D • 
t,.r~ 6·<l> l~•""''"""~M• 

;,:;~ ~:~. :~.~.~",~:.:,;; o~, ~~',' 
. .... ~Po"... ' • ' ·~:· . ..

"" ' ... •n '·"" ~ ...._., ·~ •.,. 
l '<:;. l f1 tH'l>"'"'"°l ' '"' 

ll!!!!!!!!l!!!ll ~-:~!~':;;~::··.:·:~~:·••.,. ! ·~ ~ . ' . ,,.. :Joo-. ~ ...J 

::;·•';.:;.~<- 'X"N o,!<oQO< 

Proto Board 6 $15.95 

$59.95 

FEATUR ES · $8.95 
• 8 D•IJ•! Orsp l;iy 

• 5 Func1 1onsc011S 6lS01 a<1drhOn su111rawcm l'IUI· 

11plicat•on d•vlS•On . pp rcPntagr w•t nco:istanton 
dll !unClloflS w1tn tu ll llodt1ng <IPCl'Tlal 001nt 

• Po wp r SOUICP ~ 1 P•PCP 9V DC Banrr,· OOG P 
1ack !o1A Cadaptp r 

• B1ackSUPf>r1mp gra1n/'ll l1 n6h pl:ishccabmN 

• Origti16 01 g1t LEO Disp lay 
• T1mes to59m1nu1es 5959 seco nd s 
e Crys talControlled inneBase 
• Th ree Slopwa1c hes 1n On e 

I1mesS1n111 ehen1-Spl1t& Tay101 
• Size 4.5· ~ 2 15 · • 90 " t·=' 1 ouncesl 
• Uses 3 Penrne Ce lls 

Heavy Duty Carry Cas eS5 .95 

DIGITAL QUARTZ CAR CLOCK 
Comp lcle ~ • I horn moun ting 111ackel ot 1ne 
m1ectoonmoldedcasedownro lhe 1h1eecon· 
duc101 uo we1 co1cl a'l cl all components in· 
Clll<l •!l(J MM53 J..l cloP. Cl11P Featu1es Qt1al(Z 
accu1acyol 01°. S1Acl1{)'! JS tiu;tiLED

!Will!ll!!ll· d 1~pl,1y alld I' C 8oaicls Wor~s on illly 12
OTProtoS!t!ps 

•llllW!l!U•Of- ISS OT typo • nole1 P"Ce voll systcm - motO!C)'Cles . ooa1s 
. 01 ~9!l 0 1 595 "' 12!">0 mo101non1es ;w1os and trucks•111.11: QT 590 bu~ ,r1 1p '50 Kit: S29.95 

-Of-11S QT -175 .11 0 rooo DIMENSIONS ~' 1 • t. • 2:1~~: ~}.==~~0~!;: ; : O' .:1s QT ..17(1 llu ~ Slr•P 225 Assembled: S39 .. 95 12 01 24 ttOlJR MO OE 
01 355" ' '''"'il'!!!.l'.!L!!!il..VL-''" • QI ·11B ~j~~f OT·8S (}T JS[I cm "' ss111ri ' "' CASE ONLY (includes hard ware. mounting bracket and bezel) $5.95 
Q f .185 .: 75

1=~: : 1Jl 355 ., JlS 

'"' 
Q T 125 '1"'20 315 

OT·iS or-es - -1 JE700 CLOCK 
QT 75 300··~··~• ..'""''a" ""' ' OT 35B " llleJE 700 IS a to ..· COSl d1g1tJI Cloe~ . bu! 

''"':'" : ... ' •Sa ve1y h•gh Qu~hty uml Ille urut tea· 

11J1e-s J s1mula!e<I walnut case with di·
GEMINl -68 The Unique Microprocessing System merisions o! 6 l 2'1 • 1 l!u1ll1ti?SJ 

MAN 72 111glltlflgh!ness1eadou1 ana tne 


MJKttl!G4RQM ............ ~~·· · ..- . ~ ---- ~ 
20 2 OU 

l...,5Jsr1. gs
115 VAC 

This la rgeO igit dock (.6.. hours & 
minutes . .3""s eco110s)lea1ures 1he 
MM5314 clock chip . It operates 
trorn 117 VAC. and will operate in 
either a 1201 24hour mo<le . The 
clock is complete wi!h a walnut 
grain case . an<lhas las! set. slow 

3()(1 ,.. set. and ho!d hme sci teatures . 
l..-Ow·POW<:t R :\~h 

JE500 KIT - ALL COMPONENTS & CASE S34.95ALL BOARDS BUS EXPANDABLE WIRED & ASSEMBLED S39.95 
Uses sta ndafd size 41/2.. wide boatds, dual 22 pin edge connector 

Fully buffered and tristatable address and data buses 

STAND ALONE CPU BOARD - Has 384 bytes of RAM on board. serial 110 (RS-232 DIGITAL CLOCK KIT - 31/2 INCH DIGITSand 20 ma current loop. cycle stealing diiect memory access (OMA) . built in soft- $ 
4 DIGIT KIT S49 .95 4 DIGIT ASSEMBLED S59.95 ware - selectable echo-back capab1hty. Part # SA·CPU Board 279 •95 
6 DIGIT KIT S69.95 6 DIGIT ASSEMBLED S79.95 

CKPURABOMAbRoDar-d ssaemdebaes awbove bul only has t2B bytePsaortf #RAGMemon.nb
1
oardC·PusUedBowai tdh $ • 

8 11 1 10 1 68 1 259 95 Thisclockleaturesbig 31h " highdigitslorviewing in offices. auditoriums. 
etc. Each digit is 161med by 31 brighto.2·· LED's. The clock operates flam 

BK RAM BOARD - Uses low pow er static RAMS. sognasrtr:t#c~~~~j ~i ~~~sB~~~d $269.QS 117 VAC, has either 12 o1 24 hr. operation. The 6 digit ve rsion is 27"" x 
. 3Vi' x 11h'" and !he 4digit is 18" x JY:"" x I If.''. Kits come complete with 

SK EPROM BOARD - Uses 5204 EPROMS by AM I or NATIONAL. Sh ipped with all an components, case and tran s1ormer 
d d d 11 1c· t tt 5204 EPROMS Speclly 12 or 24 Hour When Ordering 
eco e an m1Sce aneous s. excep ie Part# Gemini 6B EPROM Board $ 89.95 l------'--'--------..;;....-----1

JE803 PROBE ~~ 
NOT A KIT - Al l BOARDS ARE COMPLETELY ASSEMBLED. lhe l og1c Prolle•saun1twt11 c111s 1or H1cmostpa11 ,---· ~- .J' 

BUR NED -IN ANO TESTED. COMES WITH COMPLETE DOC UMENTATION moespens1ble 1n uouDle snooting logic Tamihes 
TIL DTL . RTL. CMOS It aer1ves the oowe1 11 -~....~-!" : 
nuc1s 1oopeia!eduect1y o!l o1;hec1rcu11unde1 

L----------------------------l1est clrawingascant lOmA maJ l!use-saMAN3 
$5. 00 Minimum Ord er - U.S. Fun ds On ly Spec Sheets· 25~ - Send 24 c Slamp !or 1977 Catalog ieadoul 10 1nc11c.ate anv 01 tne toUow<ng states 11v 
Calilornla Re sidents - Add 6% Sa les Tax Oea ler Oiscount Ava ilable - Requ est Pricing mese sym1101s 1H >· 1 rLOWl · o !PULSE ) P lne 

Probecande!ectn1ghtrequencyPulses 10~5MHt $9.95 Per Kit 
!1 can1 be us.ea al MOS levels 01 cuc.i11aamaoe 
will resull print ed circui1 boa rJames PL 5V 1A Supplyble joint . Per1ec1 for electronic 

This is ast~nd atd TTL power supply using Ulewell known- 'ELECTRONICSgames and inslrumenta!ion . L l.l 309Kr~u1atoriCtoprov1deasolH11 AMP ofcutrffila15 
volts We try to malre things ea~y tor you Dy p10~1dmg1021 ·A HOWARO AVE .. SAN CARLOS . CA . 94070*5K Pots $6.95 e~eiyth1ng youncec1moneµaclrage.mcludinQ!hehardware

PHONE ORDER S WELCOME - (415) 592-B097 8-1
. """'' S9.95 Per Kit*1 OOK Pots $7. 95 All Adve rt ised Pric es Good Thru March 

· '·".-~2~ lCRYSTALS ' ~'- MICROPROCESSOR COMPONENTS 
BOBOA CPU $19.95 MC6BOOL BBit MPU 
8212 8 811 Input/Output 4.95 ~~~~~~~p i~~pxh 8 l~::;if~c~A';Japter8216 Bt·Duectional Bus Driver 6.95 1 
8224 Clock Generato r/ Driver 10.95 MC6B3Dl7 1024, 8 Bit ROM 
8228 System Controller • Bus Driver 10.95 

CPU'S RAM'S 
aooa 681iCPU Sl995 1101 2$6 ). 1 5 1011 ~ 
80i0 Suoari!008 2-: 95 !10) 1024 x 1 Dyndrrnc
80BOA Suoe1B008 19 90 ?10 1 '256 x ~ Static 

SR"S 2102 10'2·1•1 Slal1c 
250~ 102~ Dynamic S 395 ?10/ ~095), 1 Dynarn1 c 
2518 HH 3281l IOO 2\11 256 ~ ~ Sla1•c 
2519 He, ~a SIT >00 ;01 0 \02.J,1 /\!NOS 
252~ S12 Oyn~rn 1c ;.:59 16 ' ~ Static 
2525 c "' 8101 256 . ~\ 0 2~ [},narn 1 .;oo Stall c 
2527 Oual256 61T J95 611\ 256 1 -! s1 ~ t1c 
2529 Dual512 Bll '00 8599 l o;i . ~ Sta11c 
2532 8uaa80 81 T J 95 91L0( 102 ~ ' 1 St,1t1 c 
2533 1 (; 2~ St d11C ·95 14200 256 · 1 S1a11c 
33~ 1 f110 .;95 93~21 256 • 1 51.U•C 
7 ~l55 i0 16 , ~ ;l. eg 3 ~J MM5262 21< \ 1 Oynarnit

UAAT"S PROMS
Ay.5. 1Q13 30>\Baucl S595 i02A' 10JB Fari1os

RUM 'S 5:'0] Z0 48 f,1fTlOS 
251 ) Cnar G£r\ 5995 B2S23 32 •6 Oo~n C 
2516 Cna r Gen 1095 82S !23 32 x8 l1 1S1.lle 
i4S387 1024·611P1ogrammJ!Jle 195 •-:s2s r to;i.: S1.11 1c 

360 1 256 x ·1 Fast 
"Special Programing Available - BIPOLAR PROM SPECIAL - Write or ca ll !or Pricing• 

6330· 1 256B11(32x8JOpenCollccto1 2.95 6306·1 204BBll(512x4)ThreeStatc 
633 1·1 256B11(32x8)ThrecState 2.95 6340·1 204BBit (512x8)0pe11Collector
6300·1 102J811(256 (4)0DcnCollector 6341-1 204881t {512xB)lhruState 
630 1-1 1024 Bit (256 x ~ I Three Slate 3.49 6352· 1 4096 Bit (102 x 4) Opt;:11 Collecto1 
6305·1 2048 Bi! (512 x 4) Open Collector 9.95 6353·1 4095 Bil (102 4 x 4) Th1~ Sta te "' 

DIP SWITCH 
l nese s w•tc he~ 1 e.1t ui~ s e~en SPSI shlic sw1tcnes ma 

S35.00 - ;;~'";r; i;: 1"'' ""'"'"1' '"""'"' m'"''"'°"" 
1~ ~~ 1--------'-'-"_-______...,::S~1,;,;.9:;:5~.,j 
1B.oo CD limeband ... . 

A lraoem<it • 01 fa 1<C h<IU Cameia ano ln~l•i.me<l ! Corpo<a:.on 

s 2.25 
LOO 

DIGITAL ALARM CLOCK $16.95 
5.95 . 24·Houi Ala rm
175 . "DOZE" Button
995 . 100% Solid State6.95 

2995 large Red led DISplay (.8.. high ) ii2.:9 . AM/ PM Indicator 
6.95 . Seconds Display at touch of button695 
3 .;9 .SPEC IFY BLACK OR IVORY 

225 

69[! 
295 


99 

~~ 

51295 'il 
EXElAR Mens Watch1J 9~ Ladies Watch 

• 6Funct1on • 5Funct1on 

500 • • BraceletStyhnQ 

500 

• OuamCrystal 

195 • 1Yea1Gua1an1ce 
 • BlackLeatherSana 

• Man u!actu rerGuarantee3.95 • Model900 
• Spec11yGo\d• Spec1!y Gol~ 

01 Chrome orCll romc9.95 
19.95 
19.95 
19.95 
19.95 
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P.O . Box 4430C Santa Clara, CA 95054 

Same day shipment. First li ne parts only. Factory 
tested . Guaranteed money back. Quality IC's a nd 
other components at factory prices. 

INTEGRATED CIRCUITS 

(408) 988-1640 

ELECTRONICS 

UART/FlfO 
AY~1013 

""PROM 
1702A 
NS2S23 
N82S\23 
N~S126 
825129 

"" OM8577 
RESISTORS 

OISPLAYUDS 
MANI CA 210 290 
MA/t3 CC 125 39 

620 MANWOOuV CC .SOO 3.50 
850 MANn CA .300 1 50 

11.50 
3.25 
• .00 
4.85 
us 

35.00 
2.00 

MAN74 CC .300 I.SO 
DUG-I CC3001.25 
DL107 CA .300150 
Olm CA .500 2 55 
OL747 CA 600 2 25 
fNDl59 CC .357 - 95 
FNDSOJ CC :iOOtOO 
fN0 510 CA .:iOO l .00 
FN0800 CC .8001 .90 

7400TIL 
SNi400N 
SH74 02N 
SN740.tN 
SN741Gn 
SN74UN 
SN7420N 
SN743(JP,1 
SN74'0N 
SN7447N 
SN7450N 
SN7473N 
SN7474N 
SN7475N 
SN7489N 
SN7490N 
SN7492N 
SN7493N 
SN741 00N 
SN74107N 
SN7'121N 
SN14U5N 
SN74 1SO N 
5N74151N 
SN741S-4N 
SN7'157N 
SN74174N 
SN74175N 
SN7419:JN 
SN74285N 
SN74298N 

\'• WilMS'!o 
10ptrl)'pt 
25Wf)'PI

1oope1ryoe 
IOOOoerrype 
MJSCULANEOUS 
12Vc11300m1 

FNOB07 CA 800190 

OS ~£/S1~\Pldn'll~i$l1:/n 2 ~ 
:~5 ~~.~~H:;io1oce111 s ~~ 

CRYSTALS 
I MHz 4.50 65536 
2 MHz 4.50 I M32 4 50

11~slorme1 1.25 4Mtl: 4 25 2097152 175 

14LSODTIL 
SNHtSOON 
SN74lS02N 
SN74t~N 
SNHt50e N 
Sti7'LS10N 
SN74LS20N 
St174L S26N 
SNHLSJON 
SNHLSJ!N 

ICTHICHp1 
1 

'" soBil.ti. .SO 
K~lf ll043 

UDS 
Rt'dT018 
Grttn1018 
Gr~e l018 
YtllowTCllS 
Jumoo Rea 
J11mr>oGrttn 
Jum:>oYdow 
JumboOmive 

5 MHz 4 25 2 4576 7.50 
111 IOMHz 425 32168 750 

.43 l! MHz 390 50688 450 
43 211 Mltz 390 5 185 4.50 

32MHz 390 57143 4 SO 
32768Hz 400 18U2 4 50 
351gsr.m: 1 50 n 1154 • so 

- ~~ TVCAllHl\IPS 

jg ~E,~~~~:~fr~~1o } s29 so 

~~ GI AY38500·1 $24 50 

" " 
D11&AottuArnno1mt111 
Ut. lnSll . Ind 1000 

in. ! I. LII 11.1cure11c1 
• PO 8 0 )( '194 42e 

214)8 23·3240 C A LL AS TX 7!52.'19 

UlTHASONIC SHDIH-HlCHVIH KIT 
A special buy on a high quality ultrasonic transducer ollows us to offer 
this kit at a super price - but hurrv. quan tities are limited! You can 
build intrusion alarms. motion detectors, remote controh, echo ranging 
or liquid level measurement equipment. We supply the basic transmitter 
and receiver electronics including a drilled and plated PC board. The units 
work at 23KHZ with a range of 20 ft. and can be posi tioned opposi te 
each other or side·bv·side and bounced off a solid surface. The output 
will sink up to 300ma to drive a relay, alarm circuit. e tc. 
OR DER US- 01 S19.95 

AUTOMATIC TI ME-O UT CIRCUIT for ultra 
sonic or mechanical switch alarms. Provides a 
five second entry delay. Sounds alarm for one 
minute, then re-a rms itself. Requi res 6-15VDC. 

S3.95 

BUL LET SUPER STAR PS-01 A 
Our first power supply kit was introduced al · 
most two years ago and is still the most popular. 
A compact, well regulated triple output power 
supply. Gives +5VDC @ 1.5A and +15 @ 150 
MA and - 15 @ 150MA. The PS·01A uses th"e 
superior 78L series of three terminal regulators. 
Complete with P.C.Board, all components, 
heatsinks and quality tranformer. $14.95 

VOLUME SPECIALS SK Ram Board Kit 60 Hz Crystal Time Digital Temperature 

""~" """ ~ ·~ • Plug compatible with Altair Base Kit $4.75 Meter Kit 


9 	

1~1~~-~ ~~S ,~ F1u1 li~ ;~~ . ~~~~2aA~CI~~~ Bp0o82er Converts digital clocks fro~ ln~ oor a.~dh out~oo~. A~tofm~~-500 
~~~msA" :~

1

-~01~':;~ ~ ~ 2~ ns RAMS . All parts included ~;sl!neci~~~~a~nd~~~oac~K~~~~~me ~~a~ti~~1 ~O~sLE~~ea~~uts0 No~ 
4 515~:~:. l~s ,;S • iCRAM aoo withfullinstructions .5225 .00 K"t . . 1 d PC b d . h' rk " 't 'I bl N d

1.1A1002r s· A t,11m00t~Moo ,~~~ ~~ 1 me u es: oar . t 1ng 1 e 1 ava1 a e. ee s no 
~~~15~~r c~~~irrn0otk MOll J 90 2 ro 2K EPROM Board Kit 5135.00 MM5369. crystal , resistors , additional parts for complete, full 

390 70MM~~er pu~!~om•I ~ l/O Board Kit S44.50 capacitors and trimmer. operation. Will measure - 100°to 

·---------••••••••••-llmm~•-•111!•~-~· + 201l°F, air or liquid . Very accu· 
1977 IC Update 	 Not a Cheap Clock Frequency Counter Kit rate. Easy to build. S'39.95 

Kil $17 .45 Covers audio. ultrasonic and ·---------..Master Manual 
low amateur band to 5 MHz 	 COSMAC 'ELF' Brand new. Complete IC data Includes everything except typical Dual channel high sen- RCo\ CMOS Microcomputer 

selector from all manufacturers . case. 2-PC boards . 6- .50" sltivity ::!. 25 millivolts. Crystal coP1802 s29 50 UStrs MJn~1 n.o 
15,000 cross references. S30 LED Displays. 5314 clock controlled clock. Can bo pre· Complete kit of parts to build 
with update service thru 1977. chip transformer all compo· the " Elf" incl. CDP 1802 and 
Domestic postage add 52 .00 . nents and lull i~structions . scaled for higher frequency. users manual as listed in Aug . 
Foreign S6.00 . Same clock kit with .80" 6· .50" digits . Full instructions . '76 Pop . Elect . minus power 

displays 522. 75 Less power supply . s40.00 supply and board . S92.00 

TERMS: 	S5.00 min. order U.S. Funds. Calif residents add 6% tax. FREE: Send for your copy of our 1977 
BankAmericard and Master Charge accepted. QUEST CATALOG. Include 13c stamp. 

CIRCLE NO. 49 ON FREE INFORMATION CARD 

PS-018: Same as above but with ±J 2 output 
instead of .±.15. 

MINI GRANDFATHER CLOCK KIT 39.95 

.4 DIGIT LED READOUT • SIMULATED SWINGING PENDULUM USES LED's 
·TICK·TOCK SOUND MATCHES PENDULUM SWING •ELECTROlllC TONE 
CRIMES THE HOUR, ( ie : 3 TIMES FOR 3 O'CLOCK )· QUALITY COMPO 

NENTS ' P.C. BOARDS •TUNSFORMER INCLUDED FOR 115 VAC .cm 
IS NOT INCLUDED · SPUKEI SllPPLIED · All CMOS IC CONSTRUCTION 

·READOUT CHARACTER HEIGHJ·l/2" • 2 P.C. BOARDS·4.5"W X 6.5" 
BUILD A COMPLETE CDI IGNITION KIT AT A FRACTION 
OF TH E COST OF OTHER UNI TS. A specia l buy allows us to 
sell the complete kit at this low price! Up to 40,000 volts from 
your present ignition without changing the coil. Simple 
Gonnections. 
INC LUDES: Special toroid transfo rme r 

Drilled and Plated board $ 9 
Complete instructions 
All resistors and caps • 9 5 
All semiconductors 

ot include heatsi nk or case.) For 12V n ative ground 

w. ICCIPI •n mlU• 

cerd1ndMu11rCh1r~. 

Phone Orde•• ·No COD 

CIRCLE NO. 16 ON FREE INFORMATION CARD 

CB ANTENNA PLANS - Assemble high performance 
beams. quads, groundplanes. skipbeam and more from 
common hardware - save 80% - easy, detailed, non
technical instructions - complete $2.00. Co rona 's Tenn a
form, 11 17 Dewitt Terrace, Linden. New Jersey 07036. 

MORSE-A-LETTER KIT - Decodes/disp lays Morse code. 
See January " Popular Electronics". Complete parts kil 
except chassis /cabinet $109.95. Elched, drilled PC board 
$17 .95 . SELECT CI RC UI TS , 1411 Lon sdale Road , 
Columbus, Ohio 43227. 

TAPE-SLIDE synchronizer : lap-d issolve , multiprojeclor 
programmer plans, $5.50. Free catalog . Millers. 1896 
Maywood, S. Euclid, OH 44121. 

ROBOT PLANS for 5-1/2 ft. tall radio contro lled robot, 
$9.95. Free in fo rmation . Americana Produ"cts , Bo x 11 631. 
Kansas City, MO 64138. 

AMP LIFIER KITS• 35 watls output 0.5% TH O. $15 to : 
Benchmark. 2149 Stuart St .. Berekely, CA 94705 . 

SCIMP. $90 builds this microcomputer . Uses surplus com
ponents . Information S1 . NBL-E, Box 1115 , Richardson. 
Texas 75080. 

CDWER51 KITS 

Orga n s, P ia n os , S tri n gs 
R hy th ms, PA S ystems 

104-page catalog $2 
WERSI e lect ronics, Inc. 
Dept.A 2, Box 53 18, 
Lancaster. PA 17601 

TUBES 

RADI O & T.V. Tubes-36 cents each. Send !or free 
Catalog . Corne ll , 4213 Universily, San Diego, Ca lif. 921 05. 

TUBES receiv ing , factory boxed , low prices. free price list. 
Transleteron ic , Inc .. 1365 39th Sl reet, Brook lyn, N.Y. 
11218A, Telephone: 212-633-2800. 

TUBES: " Oldies'', Latest. Supplies, components, sche 
matics. Calalog Free (slamp appreciated). Steinmetz, 7519
PE Maplewood, Hammond, Ind. 46324. 

RECEI VING TUBES. Nat ional Brands. Up to 80% discount. 
National Audio , 2500 Channing Road . Cleveland. Ohio 
44118. 

COLOR TV CHASSIS AND PARTSl _ -lN~l \
New 1976 moeld solid state Color TV ''~\ 


chassis and parts for use with In-Line black · 
 1matrix picture tubes. They have the follow- ' ...=_ . . .;_ _ 
ing features : micro-circuit technology ; energy saver eatu re-;·one 
button color tuning AFC; and super low power consumption . 

We basicly have two chassis': the TS951 and TS953, used to 
drive e ither 13", 15" or 19" picture tubes. Parts to be added to 
make a complete TV include : UHF and VHF tuners (for 19" ); 
picture tube , tube shield; purity magnets; antenna; yoke; speak
er; binding posts; cabinet; controls for 19" (on-off and four-10K 
pots); and 2nd stage hi-voltage boost (for 13" and 15" ). 

We don't have a complete package, but we do have some parts 
available at this time. Add a few parts . .. a TV for Y, price! 
13" TV Chassis (with tuners & controls). .6Z60175 . $49.50 
15" TV Chassis (with tuners & controls) . . . 6Z60174 . . $49.50 
19" TV Chassis (no tuners, no controls) .. 6Z60172 .. $29.50 
VHF Tuner . 6Z60303 . $8.50 UHF Tuner . 6Z60304. $2.50 
Antenna .. 5MI00419 . . $1.50 TV Speaker. 6Z60177 $3.50 
Binding Posts 4MI00442.$1.50 l>(;.;i,. 

INPUT/OUTPUT TERMINAL 
These units were removed from a complex 

computer system. The terminal contains: 
ASC11 keyboard; CRT; drive circuits; and a 
complete 128 page tech. manual with oper
ating and repair instructions, which makes it .._..... ...,..,,.... _,__ __ 
easy to modify the terminal for your applications. Character 
generation unit was in a separate control. device which is not 
supplied , but the terminal can be used in conjuction with char
acter generator LSI chips, such as the 2513 or 2516). 

The keyboard is ASC11 encoded, with a 50 key alpha-numeric 
(and others) block keyboard. The CRT d isplays up to 768 char
acters, depending on the desired size, approximately typewriter 
size up to Y.. ". Great for microprocessor in/ouput. Sh. Wt. 35 Lb. 
Order # 6NB60336 - $49.50 ea., or 2 for $95.00 4 for $180.00 

B&F ENTERPRISES POSTAGE : Please add 
119 FOSTER STREET sufficient postage. 

PEABODY, MA. 01960 SEND FOR OUR FREE CATALOG! 
Phone (617) 531 -5774 Over 4,000 electronic & optical items 

PHONE ORDERS WELCOME! MasterCharge, -1:::.t &J;tl
BankAmericard and American Express Accepted . · r.........___.........._.....,__,;:;,,;.;~...-.;,-;;;;. ~ ~ 
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MOUNTING SYSTE M . 
/e CL IP LITE mou nts from the front - " 

of the Panel in a .250 hole on 3/8" 
centers. Pane l thickness from 1/16" to 1/8". 

e CL IPLITE equalizes and increases the brigh t ness of 
commonly used wide beam LEDS. 

e C LIPLI TE is to be used with .2 00" dia. LEDS 

XC209 Yellow 4/$.99 

.200" dia . 
XC22 Red 4/ $.99 
XC22 Green 4/$ .99 

.160" dia . 
XC526 Red 5/ $.99 
XC526 Green 5/$.99 

.125" d ia. 

.200" dia. 

e 1ncremental speed on volleys 
increases excitement 

•Game appears in colo r or i n 

llJ~:::.1~:._fil_!!__::~.::~_::.:.__~~~~===J black & w hite depending on t elev ision set 

•Digita l scoring flashes on the 
sc ree n between eac h point 

XC22 Ye llo w 4 /$.99 XC526 Yel low 5/$.99 
XC22 Orange 4/$.99 X922 Green 5/$.99 
XC5053 Red 5/$ .99 

MICROPROCESSOR COMPONENTS 
8080 SUPPORT DEVICES 

8212 8 BIT INPUT/OUTPUT PORT FOR B080 s 4.90 
82 1 6 NON INTERRUPT B l - DIRECTIONAL BUS DRIVER 6 .90 
8224 CLOCK GENERATOR AND DRIVER FOR B080 12.90 
8228 SYSTEM CONTROLLER AND BUS DRIVER FOR B080 12 .90 

ROM'S 
Char Gen s 9.90 
Char Gen 10.90 
1024 bit Programmable 1.90 

RAM'S 
256 >: 1 Static 2.20 
1024 x 1 Dvn11 mic .95 
256 x 4 Static 5.90 
1024 x 1 Static 1.70 
4096 x 1 Dynamic 9.90 
256 x 4 Static 6.90 
102 4 x 1 MNOS 29.90 
16 x 4 Static 1 .94 
256 x 4 Static 6.90 
256 x 4 Static 6.90 
16 x 4 Static 3.44 
1024 x 1 Static 2 .2 0 
256 x 1 Static 5.SB 
256 x 1 Static 2.90 

PROMS 
204B Famos 12.90 
204B Famos 14.90 
32 x B Open C 3,49 
32 x 8 Tristate 4.95 
1024 Static 7 ,90 
256 x 4 Fast 3 .90 

e Hooks up simply to any model 
television set; the screen act· 
a lly becomes the playing field 

e Battery operated by 4 size "D" 
flas h light batteries included 
with the U ni t. 

CLIPLITE 
125" dia.4for$1 . 00~ 

XC209 Red 10 /$ 1 DISCRETE LEDS 
XC209 Green 4/$ .99

NEW LED w 
e Specify co lors-red, green, 

o rdering. 

TTL·7400N 

SN7400N .13 

SN740 1 N .14 

SN7402N .14 

SN7403N .14 

SN7404N .17 

SN740 5N .17 

SN7406N .17 

SN7407N .28 

SN 74 08N .1 7 

SN7409N .17 

SN7410N .1 4 

SN74 11 N .20 

SN74 12N .27 

SN7413N .40 

SN74 14N .69 

SN7 416N .25 

SN7417N .30 

SN7420N .14 

SN 7421 N .20 

SN7422N .20 

SN7423N .26 

SN7425N .26 

SN7426N .23 

SN7427N .26 

SN7 428N .34 

SN7430N .14 

SN7432N .23 

SN7433N .34 

SN7437N .22 

SN7438N .22 

SN7439N .24 

SN7440N .1 4 

SN7441 N .87 

SN7442N .37 

SN7443N .74 

SN7444N .74 

SN7445N .73 

SN7446N .74 

SN7 447N .68 

SN744BN .73 

SN7450N .14 

$N7451 N .14 

SN7453N .14 

SN7454N .14 

SN7459N .24 

SN7460N .14 

SN7470N .27 


TTL·74LSOON 

SN74 LSOO .2 4 

SN74LS0 1 .2 4 

SN74LS02 .24 

SN74LS03 .24 

SN74LS04 .29 

SN74LSOB .24 

SN74LS 0 9 .24 

SN74LS 10 .24 

SN74LS 11 .24 

SN74 L S 15 .24 

SN74LS20 .24 

SN74LS21 .2 4 

SN74LS22 .24 

SN 74LS27 .29 

SN74LS30 .2 4 

SN74LS32 .36 

SN74LS33 .38 

SN74LS37 .38 

SN74LS38 .38 

SN74LS40 .29 

SN74LS42 1 .09 

SN74LS51 .2 4 

SN74LS54 .24 

SN74LS55 .24 

SN74 L S73 .48 

SN74LS74 .48 

SN74LS75 .68 

SN74LS 76 .48 


SN7472N 
SN7473N 
SN7474N 
SN7475N 
SN7476N 
SN7480N 
SN7481N 
SN7482N 
SN7483N 
SN7484N 
SN7485N 
SN7486N 
SN7489N 
SN7490 N 
SN7491 N 
SN7492N 
SN 7493N 
SN7494N 
SN7495N 
SN7496N 
SN7497N 
SN74 100N 
SN74104N 
SN74 105N 
SN74 107N 
SN74 109N 
SN741 10N 
SN74 111 N 
SN74 11 6N 
SN74118N 
SN7412 1 N 
SN74 122N 
SN74 123N 
SN74 12 5N 
SN74126N 
SN74128N 
SN74 132N 
SN74 136N 
SN74 141 N 
SN74 143N 
SN74 145 N 
SN74 147N 
SN74 148N 
SN7 41 50N 
SN74151N 
SN74152N 
SN74 153N 

SN74LS78 
SN74LSB3A 
SN74 LS85 
SN74LS86 
SN74 L S90 
SN74LS92 
SN74LS93 
SN74LS95 
SN74LS96 
SN74LS107 

SN74LS 109 

SN74LS 1 12 

SN74LS 11 3 

SN74 L S114 

SN 7 4LS 1 23 

SN74LS 1 32 

SNl4LS136 

SN74LS 138 

SN74LS139 

SN74LS 145 

SN74LS1 51 

SN74LS 1 53 

SN74LS 1 57 

SN74LS 1 58 

SN74LS 160 

SN74LS 161 

SN74LS162 

SN74LS 163 


amber, or yellow when 

.26 


.30 


.30 


.47 


.33 


.38 


.98 


.58 


.68 

1.64 

.8 7 


.31 

1.94 

.44 


.63 


.45 


.45 


. 73 


.GB 

.68 

2.84 

.98 


.42 


.42 


.28 


.48 


.53 


.73 

1.74 
1.74 

.35 


.38 


.49 


.44 


.44 


.64 


.83 


.63 


.9 2 

3.97 

.88 

1:61 
1 .24 


.98 


.62 

1.04 

.62 


.48 

1 .48 

1 .74 

.57 


.98 

1 .0 9 


.98 

1.59 
1 .74 

.48 


. 54 


.48 


.48 


.48 

1.08 
1 .24 

.5 4 

, .48 

1.4B 

1 .24 

1.24 

, .24 

1 .24 

1.19 

1 .94 

1 .94 

1.94 

1 .94 


SN74154N 
SN74 155N 
SN74 156N 
SN74 157N 
SN74 158N 
SN74160N 
SN74 161 N 
SN74 162N 
SN74 163N 
SN74 164N 
SN74 16 5N 
SN74 166N 
SN 74167 N 
SN74 170N 
SN 74173N 
SN74 174N 
SN 7 4175N 
SN74176N 
SN74177N 
SN'74 178N 
SN74179N 
SN74 180N 
SN74181N 
SN74 182N 
SN74184N 
SN74 18 5N 
SN74188N 
SN74190N 
SN74 191N 
SN74192N 
SN74193N 
SN74 194N 
SN74 195N 
SN74 196N 
SN74 197N 
SN74 198N 
SN74199N 
SN74200N 
SN74221N 
SN74247N 
SN7425 1 N 
SN74278N 
SN74279N 
SN74283N 
SN74293N 
SN74298N 

SN74LS 164 

SN74LS 1 70 

SN74LS174 

SN74LS 1 75 

SN 74LS181 

SN74LS190 

SN74 L S19 1 

SN74LS 192 

SN74LS 193 


H -T0-5 N - D IP CN - M IN l
 
0 - CEA - DIP K - T0 - 3 


LM300H .79 


LINEAR IC's 

L M340 - 5T 

LM301AH .33 
 LM340-6K 

LM301AN - 8 .33 
 LM340- 6T 

LM304H .75 
 LM340-8K 

LM305H .77 
 LM340-8T 

L M307H .50 
 LM340 - 12K 

LM308H .83 
 LM 340 - 12T 
LM309H 1.60 LM340- 15K 
L M309K 2.30 LM340- 15T 

L M311H .88 
 LM340 - 18K 
LM318H 1 .49 LM340- 18T 
L M320-5K 1 .34 LM340- 24K 
LM320- 5T 1.74 LM340- 24T 
LM 32 0 - 12K 1.34 LM377 N 

L M320-12T 1 .74 
 LM3BON 

LM320- 15K 1 .34 
 LM555CN - 8 
LM320- 15T 1 .74 LM556N 

LM323K s.~o 
 L M7 10CN 
LM324N 1.09 LM723CH 
LM339N 1.19 LM739CN 

M340- SK 1 .89 1 CL8038CCPD 

MARCH 1977 

.98 


.77 


.68 


.63 


.94 


.88 


.88 


.88 


.88 

1 .09 

.98 

1.1 8 

2.97 
1 .7 4 

1 .28 

.98 


.88 


.78 


.77 

1 .24 

1 .59 


.68 

1.9B 

. 68 

1.88 
1 .84 
3.49 
1.08 
1.08 

.87 


.87 


.93 


.58 


.92 


.74 

1.6B 
1 .68 

5.58 
1.1 9 

1.84 
1.39 
2.44 

.58 

1 .44 

.84 

1 .97 


$79.95 

Proto Board 100 19.95 
Here's 11 low cost big 10 IC capecltv 
bre11dboerd kit wi th all the Qu11lltV of 
OT Sockets 11nd the but of the Proto: 
Board .ariu. Complete down to 
t he last nut, bolt and KrBw 
Inc lude. 2 QT-355 Sockets, 
1 OT-358 Bus Strip, 2 5- wav 
b inding posts, 4 rubber 
10111 screws, nuts. bolu. 
and easv euemblv 
i!"lnructions 

The PB - 6 leu the u1111r IHI 11nd build cir· 
cut« without soldering or patch co rds. 
All Interconnections between componenll 
ere made with common !+122 AWG hook 
up wire . This Qualltv brt11dbo11 rdlng k it ln · 
eludes 630 compon ent tie points 111 lau 
than 2.5 cenu each . It meosure1 6 " long 
bV 4" wld•. Ooslgned 1p1cl11 llv to Br1111d · 
board Mlcroproca11or Clrcul u . 

Proto Board 101 15.95 

Now trace signals or troubleshoot fast. In ject signals or wire unused circuits 
into ex isting boards. Scope probes. Test leads lock onto Dynagrip inset. 
Plastic construction - no springs or pivots. Thousan ds of operat ions. 

PC-14 14- pin Proto -Cl ip $3.55 PC - 16 16- pi"n Proto - Clip $3.75 

~ UiHHHH.UU.li!WUllillilllitHUlilltiilliflliWU!i • oT-s9s 
.•il!!liiill!iliilll!llilllillllillill!illill/iHliil'l!Hil! . 

::"t "'"""' :a::""' :m• "1" '"" "'~:! OT-598 

PC - 24 2 4 - pin Proto - Clip $6.75 

CIRCLE NO. 3 ON 

470 OHM 560 OHM 680 OHM 820 OHM ,. 
ASST. 3 '" 1.2K 1.SK 1,8K 2 .2K 2.7K 

3.3K 3.9K 4.7K 5.6K 6.8K 
ASST. 4 8.2K \OK 12K !SK !6K 

22K 27K 3JK 39K 47K 
ASST. 5 '" 56K 68K 82K l OOK 120K 

lSOK 1BOK 220K 270K 330K 
ASST. 6 390K 470K 560K 680K 820K 

\M 1.2M 1.5M . l .SM 2.2M 
ASST. 7 5,. 2.7M 3.3M 3.9M 4.7M S.6M 

Asst. SR Ass t 's 1- 7, 350 pcs. Y. W : $10.95; 

60 KEY KEYBOARD 

.,., "' - ~ - ~ 
W~#C1#l: ,~.iw~.:ei ~t'<t:•.,_-

~*t00Wi~~tilt<M.i1*~«:;~a ~ 

~l#$00~mtM~$~W;~ -W %~ 
,,w=-,~~ 
< :tf;f'i:''''''••7•=~t'}''~~)'»;.-. ><>: ""';,J 

.9 4 


.88 


.88 

1.24 

. 38 


.39 


.59 


.49 


.49 


.49 

2.09 
1 .19 


.89 

2.74 
2.69 
1.79 
1 .24 

2.89 
3.99 
2. 14 
1.64 
1.64 
1.64 
1.64 
1 .79 
1 .79 
1.49 
1 .49 
1 .64 

1 .64 
1 .49 


- DIP 

1.74 
1.89 
1 .74 
1.89 
1.74 
1.89 
1.74 
1.89 
1.74 
1 .89 

1 .74 
1 .B9 
1.74 
3 .95 
1 .38 

.43 


.88 


.78 


.48 


.99 

4.90 

CPU'S 
8008 8 Bit CPU $ 19.90 2513 

8080 Super BOOB 24.90 2516 

8080A Super 8008 34.90 74$387 


I 1101 

s R·s 1103 


2504 1024 Dynamic 8.95 
 2 101 

25 18 Hex 32 Bit 6.95 
 2 102 

25 19 He x 40 Bit 3.95 
 2107 

2524 5 12 Dynamic 2.44 
 21 11 

2525 1024 Dynamic 5.95 
 7010 

2527 Dual 256 Bit 3.90 
 7489 

2529 Dual 512 B i t 3.95 
 8 10 1 

2532 Quad 80 Bit 3.90 
 8111 

2533 1024 Static 7 .90 
 8599 

3341 Fifo 4.45 
 91 L02 

74LS670 16 x 4 Rog 2.94 
 74200 


9342 1 


1702A 
5203 


AY-5- 101 3 30K Baud 5.90 

UART'S/USRT'S 

74$188 
COM2502P 25K Baud 7 .90 B2S123 
COM2017P 25K Baud 8.45 745287 

COM2601 USAT 23.45 
 3601 


BIPOLAR PR.OM SP ECIAL 

6330- 1 256 B•t ( 32 "8) Ooon Collector 2 .90 6306 ~ 1 2048 Bit ( 512 1< 8 ) Three State 9 .9 0 

6331 - 1 256 Bit (32 "Bl Throo Sta i e 2.9 0 6340 - 1 2048 Bil ( 512 ;9) Open Collector 19.90 

6300 - 1 1024 Bit (256 " 4) Open Colfoc 1or 3.44 634 1- 1 2048 Bil (5 12" 4) Th ree State 19,90 

6301 - 1 1024 Bit (256" 4) Throc SHltO 3 .44 6351- 1 4096 Bit ( 102 x 4) Open Collocto1 19.90 

6305 - 1 2048 Bit (512" 4) 0;)on Collec1or 9 .9 0 6353 - 1 4096 Bit ( 1024 x 4 ) Throo Stat e 19.90 


B pin 
14 pin 
16 pin 
18 p in 
22 pin 

14 pin 
16 pin 
18 pin 
24 pin 

8 pin 
14 pin 
16 pin 
18 p in 

IC SO LDERTAIL - LOW PROFILE (TIN) SOCKE TS 

1-24 25-49 50-100 1-24 25 - 49 50-100 

$ . 16 .15 .1 4 24 pin $ .38 .37 


.20 .1 9 . 18 28 pin .45 .44 


.22 .2 1 .20 36 pin .60 .59 


.29 .28 .27 40 pin .63 .62 


.37 .36 .35 


SOLDERTA I L STANDARD (TIN) -

S.26 .24 .23 28 pin $ .99 .9 0 


.30 .27 .25 36 pin 1.39 1.26 


.35 .32 .30 40 pin 1 .59 1.45 


.49 .45 .42 


SOLDERTAILSTANDARDIGO LD ) 
$ .29 .26 .23 24 pin $ .70 .63 


.35 . 32 .29 28 pin 1 .10 1 .00 


.38 .35 .32 36 pin 1 .75 1 .40 


.52 .47 .43 40 pin 1 .75 1.59 


WIRE WRAP SOCKETS (GO LO) LEVEL #3 
10 p in S.44 .40 .36 24 p in $ 1 .0 5 .95 

14 pin .39 .38 37 2B pin 1.40 1 .25 

16 pin .43 .42 .41 36 pin 1.59 1 .45 

18 pin .75 .68 .62 40 pin 1 .75 1.55
I


DESIGN MATE 1 CONTINENTAL SPECIAL TIES 

.36 


.43 


.58 


.6 1 


.8 1 

1.1 5 

1 .30 

.57 

90 


1 .26 

1 .45 

.85 

1 .10 

1.30 
1.40 

LOGIC MONITOR $84.95 
Simultaneously displays static and HTL or CMOS DIP I Cs 
dynam ic logic states of DTL, TTL, Pocket size 

TRANSISTORS 

2N2219A 3/$.99 2N3567 3/$.99 2N4123 10/ $.99 
2N2 2 21 4 /$.99 2N356B 4/$.99 2N4124 6/S.99 
2N2222A 5/$.99 2N3569 4/$.99 2N4 126 6/$.99 
2N2369 5/$ .99 2N3704 5/$.99 2N4249 4 / $.99 
2N2369A 4/$.99 2N3705 5/$.99 2N4400 4/ S .99 
2N2484 4/$.99 2N3706 5/$.99 2N4401 4/$ .99 
2N2906 5/$ .99 2N3707 5/$.99 2N4402 4/$.99 
2N2906A 4/$.99 2N37 11 5/$.99 2N4403 4/$.99 
2 N2907 5/$.99 2N3724 $.64 2N4409 5/ $.99 
2N290 7A 4/$.99 2N3725 $.99 2N50B6 4/$.99 
2N2925 5/$.99 2N39 0 3 5/$.99 2N50 8 7 4/$.99 
2N3053 2/$.99 2 N3904 4/$ .99 2N5088 4 /$.99 
2N3055 $.88 2N3905 4/$.99 2N5089 4/$.99 
2N3392 5/$.99 2N3906 4/$.99 2N52 10 6/$,99 
2N3398 5/$.99 

Y.iW, 5 % ZENER DIODES 

1N52268 3.3V .14 1N5236B 7.5V .14 

1N5227B 3.6V . 14 1N5237B 8.2V .14 

1N52288 3.9V .1 4 1N5238B 8.7V .14 

1N52298 4.3V .1 4 1N5239B 9.1V .1 4 

1N5230B 4.7V .14 1N52408 10V .14 

1N523 1 8 5.1 v .14 1N52418 11 V .14 

1N5232B 5.6V .14 1N5242B 12V .1 4 

1N52338 6.0V .14 1N52438 13V .14 

1N52348 6 .2V .1 4 1N52448 14V .14 

1N5235B 6 .BV .14 1N52458 15V .14 


$ 10 .95 PEA HUNDRED (NO M I X) 


CAPACI TORS, T antalum CAPACIT9RS, llJ!iniature 
20% Dipp~~g _ so- E'~ctrolyt1c !~-~d1a~ 0~~d~O-UP10 49 


.1/35V .27 .22 .16 1.0/16V .14 . 12 .09 

.1 5/35V ,27 .22 .16 1.0/25V .15 .13 .10 

.22 /35V .27 .22 , 16 1 .0/50V . 15 .13 .10 

.33/35V .27 .22 . 16 5/ 16V . 14 .12 .09 

.47/35V .27 .22 .16 5/25V .14 .1 2 .09 

.68/35V .27 .22 .16 5/50V .15 .13 .10 

1 .0/35V .27 .22 .16 10/ 16V . 13 .11 .08 

1.5/35V .29 .25 .20 10/25V . 14 .12 .09 

2 .2/35V .30 .26 .2 1 10/ 50V . 15 . 13 .1 1 

3 .3/35V .30 .26 .21 47/ 16V .17 . 13 .12 

4 .7/35V .3 1 .27 .22 47/25V .20 .17 .15 

6 .8/35V .35 .30 ,24 47/ 50V .23 .20 .18 

10/25V .39 .34 .28 100/ 16V . 18 .14 .13 

15/20V .62 .49 . 39 100/25V .23 .19 .17 


100/ 50V . 34 .29 .27 

220/ 16V .22 .16 .1 5 

470/25V .30 .27 .25 


50 PCS. RESISTOR ASSORTMENTS $1 .75 

10 OHM 120HM 16 OHM 18 OHM 220HM 


ASST. 1 27 OHM 330HM 39 OHM 47 OHM 660HM 


68 OHM 82 OHM 100 OHM 1200HM tSOOHM 
ASST.2 '" 180 OHM 220 OHM 270 OHM 330 OHM 390 OHM 

SN74LS 194A 
SN74LS 195A 
SN74LS 196 
SN74LS 197 
SN74LS22 1 
SN74 L S241 
SN74LS25 1 
SN74LS253 
SN74LS257 
SN74LS25B 
SN74LS260 
SN74LS266 
SN74LS2B3 
SN74LS290 
SN74LS293 
SN74LS367 
SN74LS375 
SN74LS386 
SN74LS670 

1 .94 

2.79 
1 .39 

1.39 
3.49 
1.94 
1 .94 

1.94 
1 .94 

1.39 
1 .39 
1.44 
1.44 
1.34 
2 .49 

1.54 
1 .54 

1 .59 
1 .49 

.54 


.58 

1.39 
1 .34 

1.34 


.74 


.79 


.59 

2.94 

CMDS 

CD4000 .09 

CD4001 . 18 

CD4002 .13 

CD4006 l.1 B 

CD4007 .17 

CD400B .85 

CD4009 .38 

CD4010 .38 

CD4011 .18 

CD4012 .17 

CD4013 .38 

C D4014 .94 

C0401 5 .9 4 

CC4016 .38 

CD4017 .98 

CD4018 1.0B 

CD401 9 .43 

CD4020 1.0B 

CD4021 1 .14 

CD4022 .94 

C0402 3 .18 

CD4024 .68 

CD4025 .17 

CD402 6 1.44 

CD4027 .43 

CD4028 .7 8 

C04029 .88 

CD4030 .38 

CD4033 1.69 

CD4035 1.04 

CD4040 1 .0 4 

CD4041 .68 


CD4042 
C04043 
CD4044 
CD4046 
CD4047 
CD4049 
CD40 5 0 
CD405 1 
CD4052 
CD4053 
CD4055 
CD4056 
CD4060 
C04066 
CD406B 
CD4069 
CD4070 
CD4071 
CD4072 
CD4073 
CD4075 
C D4076 
CD4078 
CD4081 
CD4082 
CD4502 
CD4507 
CD45 10 
CD4511 
CD4512 
C04516 

.64 


.49 


.49 

2.50 
2.74 


. 38 


.38 

1.1 9 

i .19 

1 .24 
1 .34 

1 .49 

1 .49 

.64 


.2 4 


.2 4 


.24 


.24 


.29 


.29 


.29 

1.09 

.24 


.24 


.29 

1.19 

.53 

1.09 
1.49 
1 .19 
1 .18 


CD45 18 
CD45 19 
CD4520 
CD4528 
74COON 
74C02N 
74C 0 4N 
7 4 C10N 
74C20N 
74C30N 
74C42N 
74C73N 
74C74N 
74C85N 
74C90N 
74C95N 
74C107N 
74C 1 5 1 N 
74Cl54N 
74C 1 57N 
74C 16 0 N 
74C16 1 N 
74C l 62N 
74C163N 
74C 164N 
74C173N 
74C174N 
74C175N 
74C192N 
74C 193N 
74C 195N 

http:4for$1.00


:~~s :~~; l:;~~~!;~t:~: ;~~:s ~~~~~~;:•:~!~~:~~!~ i@@l"D'~®00~ 
in the USA, or buy a l I 3 books for S25 ppd. :. L!::I' L:.> 
"AN INTRODUCTION TO MICROCCM'UTERS , VOL I" book : 
12001 . Clearty covers al I the bas i cs .... . . . S7 . 50 * SILL GODBOUT ELECTRONICS 
"VOLUME 2" book #300 1. Covers l a tes t uPs and sup - : BOX 2355. OAKLAND AIRPORT. CA 94614 

port I Cs, replacing I OOs of pages o f data •• SI Z. 50 I TERHS: Add 50c orde r s under SI O; over SID add 5%. 
"8080 PROGRAl+ll NG FOR LOGIC DES IGN" book #4001 . * No COD. Ca l res add tax. Mas t er cha r ge• and Sank-
Demysti fies the art of prog r armi ing .. .. ... . .. S7. 50 * Amc r icard• orde rs: ca l l 415 - 562-0636, 24 hr s . 


**********II I I I ltt•* .... ****************************tttttt+****************** 
anffl""R We I~Ls 

You 
wanted to put together an exceptional o ffe r on: 

t:: memories for our custome r s .. . so we ' re se 11 i ng new I ~ 
full spec 2102 Ll s ( super l o.,.,· power ve r s i on of the * 
2102), gu a r anteed 450 ns o r fas t er over t he ful I : Tlie 6oU.owing Me Ud q.tlj, Jubject. .to p!Li..Oll Ja.ie: 

AH 1 T ~fl~;~E~anBgEeF.OREat 3~~{~~~1roA L~A~~o~~A.~~!~EB~/~~i~ : ~~~~~E~~~E~cD = ~~:~~=~~~ ~ ·d;~~~;ii~~~h~~~f!;~~ 
SPEC I AL OFFER . : no extra transistors nee ded . ... ...•. ... $2 . 00 each 

***********************************-* i:C40Z4 b.ipoiaJ< VCO {TTL com,·<U:. Idua.l ..$1 . 00 Mdt 
~ ,................................ 


CR~STfJLS S ~=t~S i 74 LS TTL 
STATEK. 3-lcad xt a l s give . 01% accu r acy in a T.>5 ca,1 ; ust.? for ** 1/5 THE POI/ER OF ITL BUT NO 'SPEED PENALTY 
fixed freq osci ll ators or with binary divi ders to gcucratc : 

00 SO.J6 22 SO.JS 124 S2. 50 16S Sl. S7 
other freqs. Choose from (all freq s in Kl!:! IG.000 12.800 * 01 O. J6 27 O.JS 1J2 1.50 169 1.S7 
15.360 16.000 16.384 18.6-11 19. 200 20.4&0 30 . 720 31.500 * 02 O. J6 JO O.J6 IJS I.JS 175 I.J S
32. i68 38 . 400 40.960 60.000 76.800 100.00 153. 60 2•IO. OO .: Oli 0.42 J2 O. JS 139 I. JS 221 I. JS 

O. JS J 7 O. SJ 155 I.JS 25S I.JS
The se SEPn1lY crysta l s a r e ser ies mode , fundamental, with wire : OS o. J6 JS O.S J 157 1. 25 27J 2.25
l eads ... for hams a nd computer bugs . Choose from 4, S, 8 , 9, * l O O. JS 42 1. 25 160 I. SS J67 1. 00 
IO, 12, 15, 18 , and 20 MHz.. : 11 O. J6 74 0.56 162 I. SS J6S .........................................* ~ ~ O. JS 75 O.S5 16) I. SS 377 


SEllD FOR OUR FLYER i 
* 

CIRCLE NO. 30 ON FREE INFORMATION CARO 

For USE on 

laster ZIP all 

service CODE mail 


HIGH FIDELITY 

DIAMOND NEEDLES and Stereo Cartridges at Discount 
prices for Shure , Pickering , Stanton, Empire . Grado and 
ADC. Send for free catalog . LYLE CARTRIDGES, Dept. P. 
Box 69. Kensington Station, Brooklyn , New York 11218. 

SAVE 50% bu ild your own speaker system wri te : McGee 
Radio Electronics. 1901 McGee Street , Kansas City. Mis 
souri 64108. 

BURGLAR ALARMS 

DIALING UN IT automatically calls police . $29 .95. Freese
curity equipmenl catalog . S&S Systems. 5619-C St. John . 
Kansas Ci1y. MO 641 23. (816) 483-4612. 

Burglar. Smoke 
Fire Alarm Ca•alog 

• Billions of dollars lost annually due 
10 lack of protective warning alarms. 

FREE CATALOG Shows you how to 
protect your home, business 

FJRt: and person . Wholesale 
prices . Do-it-yourself. Free 
engineering service. 

l:ttfttft* ·'''§!3M....~ 
Box 82209 Dept. PE Lincoln, Ne. 68501 

GOVERNMENT SURPLUS 

MANUALS for Govt Surplus radios, test sets , scopes. List 
50 cents (coin). Books, 7218 Roanne Drive, Washington , 
D.C. 20021 . 

GOVERNMENT SURPLUS. How and where to Buy in your 
area, send $2 .00. Surplus, 30177-PE Headquarters Build
ing, Washington , D.C. 20014. 

27 08-PR OM . . . . . . . 555.00 
2522 STAT IC SH I FT REG. $1.95 
25 18·HEX 32 BIT SR $3.50 
2102·11024BTRAM $1.80 
5280·4K DYNAMIC RAM . . . S l0 .50 
5202A UV PROM . . . . $10.50 
MM5203 UV PROM . , .. $10.50 
1702A UV PROM . . . . . . . . 510.75 
5204 ·4K PROM . . .......... S18.95 
MIN IATURE MULT l · TURN TRIM POTS 
100. 500, 2K. lOK, lOOK, 200K. 1 Me!I . 
S.75 each .. .. ... ......... 3/52 .00 
MULTl ·TURN TRtM POTS Sim.tar to Bourns 
3010 style 3/ 16"x5/8"x1 ·114" ; 50, 100. 
1K. lOK, SOK ohms 
$1 .50 ea................. 3/$4.00 
LIGHT ACT IVATED ScR·.s 
T0·18. 200V lA. S 1.75 

TRANSISTOR SPECIALS 
2N3585 NPN S1 T0·66 ... . S .95 
2N3772 NPN 51 T0·3 . S 1 60 
2N4908 PNP $1 T0·3 .. ... , S 1.00 
2N6056 NPN S1 T0·3 Darlington S 1.70 
2N5086 PNP S1 T0·92 . . 4/ $ 1.00 
2N4898 PNP T0·66 . . .. S .60 
2N404 PNP GE T0·5 5/S 1 .00 
2N39 19 NPN Si T0·3 RF ...... S 1.50 
MPSA 13 NPN S1 T0·92 .. 3/S 1.00 
2N3767 NPN Si T0·66 . , , . S .70 
2N2222 NPN Si TO· l B . . . 5/S 1.00 
2N3055 NPN S1 T0·3 , . S .80 
2N3904 NPN S1 T0·92 . . . 5/ $ 1 .00 
2N3906 PNP Si T0·92 . . . 5/S 1 .00 
2N5296 NPN S1 T0·220 . . . S .50 
2N6 109 PNP S1 T0·220 . . .. , , S .55 
2NJG38 PNP S1 TO·S ....... SIS 1.00 
2N651 7 NPN T0·92 Si .... .. . 3/S 1.00 

C/MOS (DIODE CLAMPED) 
74C02 - .22 
74C 10  .22 
74C 193 1.50 
400 1 .22 
4002  .22 
4006  1 20 
4007 - .22 
4009  .42 
401 0 - .42 
40 11  .22 
40 12  .22 
40 13  .40 

4015  .95 
40 16 - .40 
40 17  1.05 
4018 1 .00 
4019 .25 
4022  .95 
4024  .75 
4027  .40 
4028 .88 
4029 l.10 
4030 .22 

4035  1.10 
4042  .78 
4047 - 2.00 
4049  .40 
4050 .40 
4055  1.50 
4066  .80 
407 1 .22 
4076  . 70 
408 1 .22 
4520  1.1 5 

MCA·BI OPT ICAL LIMIT SWITCH. $1 .50 

LED R ADOUTS 
F ND 500·.5" C.C. 
HP 7740-.3" C.C. 
MAN·7.,3" C.A. . 
NS 33.3 d1{J. array 
DL 7<1"/ 

$1 ."/5 
S l.40 

. Sl.25 
.. $1.35 

52.50 

2N 3820 P FET 

5/ $2.20 

SILICON SOLAR CELLS 
2%., diameter 

.4V at 500 ma. . .. $4.00 ea., 6/$22.50 

REGULATED MODULAR 

POWER SUPPLIES 


22ur J!>V :,. s 1 on t1 'lUF 35V •11$1.00 
4 7UF J~iV 51$1 00 G BUF 35V Ji $ 1.00 
GSUF 3SV 5/S 1 no 22UF 35V S 40 
1ur J!iV srs 1 on JJUF :isv s .110 
2 2UF :WV SiS 1 00 'lOUF GV 5/S 1 00 
J Jur JSV .1 ·s1 uo 1oour JSV s .so 

I SOUF ISV S .50 
2N 5457 N FET ' . s .45 
TIS 43 UJT . . . . . . . s .35 M/00 1 A LARM CLOCK CHIP. 

ER 900 TAIGtJER DIODES 4 f Sl .00 
2N 6028 PROG . UJT .. s 65 NATIONAL MOS DEVICES 
8 PIN DIP SOCKETS . s .24 ~.IM1402 - 1./5 MM5057- 2.25 


14 PI N DIP SOCKETS s .25 
 MM 1403 - 1.75 MM5058- 2.75 

JG PIN DI P SOCKETS . s .28 
 MM 1404 - l. "' 5 .\1M5060 - 2.75 
18 PIN DIP SOCKETS s 30 MM5013- 2.50 MM5061 - 2.50 
24 PtN D IP SOCKETS s .40 MM5016- 2.50 MM5555- 4.75 
40 PIN DIP SOCKETS s 60 MM5017- 2.70 MM5556- 4.75 

MM5055- 2.25 MM5210 - 1.95 
VERIPAX PC BOARD 

MM5056- 2.25 MM5260- I . 75 This board is a 1/16" sm9le sided paper epoxv 
bo:ircl, 4 'l/ 'x6 'h " DRILLED and ETCHED 
which wil l ho ld up to 2 1 sinyle 14 pm 1C"s TIL IC SERIES 
oi 8, 16. o r LS I DIP IC's with busses for 7400- . 15 7442 - .52 741 26 - .40 

power supply connector. . $4 .00 7401 - . 15 7445 - .70 741 5 1- .70 
7402 - .15 7446 - . 70 74 153 - .65

MV 5691 YELLON·GAEEN 
7403 - .15 7447 - 70 74 154 - 1.10

BIPOLAR LED . . . . . Sl .25 
7404 - .20 7448 - . 70 "/4 155 - . 70 

FP 100 PHOTO TR ANS . , . . . . S .50 
7405 - .20 7450 - .20 74 157 - .70

RED, YE L LOW, GREEN OR 
7406- .25 7472 - .33 74 16 1- .85

AMBER LARG E LED's .. e:t. $ .20 740"/ - .25 7473 - .35 74 164 - .95
MOLEX PtNS . .. . 100/ Sl.OO 7408 - .25 "/474 - .35 74165 - 1.05

1000/ $7.50 7409 - .2 1 74 75 - .49 74173 - 1.40 
10 WATT ZENERS 3.9. 4 .7. 5.6. 8.2, 12, 15, 7410- ' 15 7476- .35 74 174 - .95 

18, 22. 100. 150 or 200V ... ea. S .60 741 1- .20 7480- .35 74175- .92 
1 WATT ZENERS 4.7, 5.6. 10, 12, 15. 74 12- .20 7483- .70 74177 - . 79 

18 OR 22 V . . . . ea . S .25 74 13 - .45 7485 - .88 741 BO . 70 
MC6860 MODEM CH IP $13.00 74 14 - .70 7486 - .30 74181 - 2. 10 

7416 - .25 7489 - 1.85 74190 - 1.20 
Siiicon Power Rectifiers 74 17 - .25 7490 - .45 74191-1.20 

7420- .20 7491 - .70 74192- .85 
7425 - .28 7<192 - .50 74 193- .85 
7426 - .25 7493 - .45 74 19<1 - .85 
7427 - .30 7<194 - ' 70 74195 - .75 
7430- .20 7<195 - . 70 74196- .88 
7432 - .25 7<196- .70 74257 - 1.25 
7437 - 25 74 107 - .32 74279 - .90 
7438 - .25 74121 - .38 75324 - 1.75 
74 40 - . 16 74 123 - .65 "/5491 - .65 
74 4 1- .85 74 125- .40 75492 - .65 

MINIATURE DIP SWITCHES 

ClS·206·4 Four SPST swi tches 
m one rn1n id1p pnckauc. 51.75 

CTS·206·8 Eigh1 SPST swi tches 1n a 16 
p111 DIP package. 51.95 

AY·5·1013·A30K ser./p;1r .. par .Iser .. uni· 
vcrsal UART. . $6.95 

PRV 2A 25A 
200 .75 1.25 2.00 
400 .95 1.50 3.00 
600 1.20 1.75 4.00 

SANKEN AUDIO POWER AMPS 
Si 1010 G lO WA TTS ......... S 7.95 
S11020G20WATTS .... . . . S15.95 
S11050G50WATTS . ........ $27.95 
CCD 1 lf) LINEAR 256 XI BI T SE L F 
SCANNli'i G CHARGED COUPLED 
DEVICE . $99.00 
CCD 201 - 100 x 100 CHARGE 
COUPLED DEVICE $ 135.00 

LINEAR CIRCUITS 
LM307 - Oil. Amp.. . . . . . . . . . . S .30 
LM 309K SV IA R~GU LATOR . S .95 
723 - 40 -+ 40VV AFGULATOR .. S .50 
301 /748-Hi Per . Op. Amp,. S .31 
320T5.12, 15.oi 24VNEGAEG. $1.25 
709C Op. Ainu . .; .31 
7<11Aor 74 \ COPAMP. S .31 
710 COMPARATOR S .35 
CA 3047 H1 Pef . Op. Amp........ S .95 

340T 5, 6, 8, 12, 15, 18, 24V POS 

REG . T0·220 .. ... ... . $1.10 
101 OPER. AMP. HI PERFORM. s 75 
LM 308 Opcr . Arnp., Low Power . s .95 
747 - DUAL 741 s .65 
556 - DUAL T IMER $1.00 
537 - PRECISION OP. A MP .. $ 1 70 
LM 3900 - QUAD OP. AMP s .49 
LM 324 - OUAD 741 Sl.50 
560 - PHASE LOCK LOOP 52.00 
561 - PHASE LOCK LOOP $2.00 
565 - PHASE LOCK LOOP · SJ.25 
566 FUNCTION GEN . SL65 
567 - TONE DECODER .. ... . $1.50 
LM !310N FM ST EREO DEMOD.. $2.75 
8038 IC VOLTAGE CONT. OSC. $3.90 
LM 370 - AGC SQUELCH AMP. $1.15 
555 - 2µ s - 2 HA. TI MER. s .45 
553 OUAD T IMER ..... . 52.50 
FCD 810 OPTO·ISOLATOR s .80 
1458 DUAL OP AMP. s .60 
LM 380 - 2W AUDIO AMP . ... s .95 
LM 377 - 2W Sie1eo Audio Amp. 52.50 
LM 381 - STEREO PREAMP. $1.50 
LM 382 - DUA L AUDIO PREAMP Sl.50 
LM 3 11 - H I PER. COMPARATOR s .90 
LM 319 - Dual Hi Speed Cornp. Sl.25 
LM 339 - QUAD COMPARATOR Sl.50 

CIRCLE NO 56 ON FREE INFORMATION CARO 

http:320T5.12
http:75492-.65
http:7441-.85
http:7440-.16
http:75324-1.75
http:7438-.25
http:74279-.90
http:74257-1.25
http:7<196-.70
http:7432-.25
http:74196-.88
http:7430-.20
http:7427-.30
http:7419<1-.85
http:7493-.45
http:7426-.25
http:7<192-.50
http:7425-.28
http:74192-.85
http:7420-.20
http:74191-1.20
http:7490-.45
http:74190-1.20
http:7486-.30
http:7485-.88
http:74177-.79
http:7483-.70
http:74175-.92
http:7480-.35
http:7476-.35
http:74173-1.40
http:7409-.21
http:74165-1.05
http:7408-.25
http:7473-.35
http:74161-.85
http:7472-.33
http:7406-.25
http:74157-.70
http:7450-.20
http:7405-.20
http:7404-.20
http:154-1.10
http:7403-.15
http:7402-.15
http:7445-.70
http:7442-.52
http:7400-.15
http:MM5056-2.25
http:MM5055-2.25
http:MM5556-4.75
http:MM5017-2.70
http:MM5555-4.75
http:MM5016-2.50
http:MM5013-2.50
http:MM5058-2.75
http:MM1403-1.75
http:MM5057-2.25
http:�11$1.00
http:6/$22.50


DIGl-KEY CORPORATION 
Quality Electronic Components 


Double-Digi t Discounts 

Save You Even More 


2102-1 8080A LM3909 
$1.99 $24.95 69c 

MA1002A 12 Hour (AM-PM) Version ..••••• • $1 0.50 

MA1002C 24 Hour Version ......••••..•.. $10.50 


• •tso.s" High LED D•~.· . 

NATIONAL SEMICONDUCTOR CLOCK MODULES 

MA1010A 12 Hour (AM-PM) Version $13.00 
··..1......,.,,, IJI, .,, 11111/ ,,., .. ,,.iJ. T/11• u: 
/,:.. 111/11•r /HUI.~ flrl ' 1111 tlt1• Im..!; of MA1010C 24 Hour Version ••••• $13.00 
l /t• '·" ' ' Cfl lllfUU·t tll tlf/11/• ·.~. ·• 

MA1002 & MA1010 Series 

Electronic Clock Modules 


The MA1002 & MA1 010 Series Electronic Clock Modules 
ore ossembled ond pre1es1ed modules which combine o 
monolithic MOS·LSI integrated clock circuit, 4-digit LED 
display, power supply and 01her ossocioted discre le com
ponents on o single printed circuit boord to form a complete 
elec tronic clock movement. The user need odd only o trans
former and switches 10 cons truct o digital clock for applico 
1ion in clock-rodios. alonn or instrument panel cloch. Time· 
keeping moy be from 50 or 60 Hz inputs and 12 or 24 hour 
dis play forma ts moy be chosen. Direct LED drive eliminotes 
RF interference. Time sening is mode easy through use of 
"Fast " ond ..51ow " scemingcontrols. 

Th e MA1002A and MA1010A hove e 12 hour disploy wit h an 
AM and PM indicator. The MA1002C and M.A1010C hove o 
24 hour display. 

Features include alonn "on" ond " PM" indicators. "sleep" 
end " snooze" timers end variable brighlness control capa 
bil ity. The modu les ore elf.tremely compact , the MA\002 
meosuring 1.375" by 3.05" , the MA1010 measuring 1.75" 
by 3.75' '. This smell size is achieved by bonding The LC . 
lo the bock of the circuit boord. 

BISHOP GRAPHICS Printed circuit Dn>fllng 

Aids are now available from Dlgl..t<ey 


RADIAL ELECTROLYTICS 

7400 .21 
7401 .21 
7402 .21 
7403 .21 
7404 .21 
7405 .21 
7406 .25 
7407 .25 
7408 .21 
7409 .21 
7410 .21 
7411 .21 
7412.21 
7413 .25 
7414 .89 
7416 .25 
7417.25 
7420 .2 1 
7421 .25 
7423.35 
7425.35 
7426 .25 
7427.33 
7428 .28 
7430 .21 
7432 .25 
7433 .30 
7437 .25 
7438 .25 
7440 .21 
7442.53 
7443 .63 
7445 .70 
7446 .70 
7447 .70 
74-:8 .70 
7450 .21 
7451 .21 
7453.21 
7454.21 
7459.21 
7460 .21 
7470 .30 
7472 .30 
7473 .30 
74 74 .30 
7475.49 

7476 .32 
7480 .70 
7482 .70 
7483 .70 
7485 .89 
7486 .28 
7489 2.19 
7490 .44 
7491 .70 
7492 .44 
7493 ,44 
7494 .70 
7495 .70 
7496 .70 
741 00 l.28 
74107 .30 
74109 .33 
7412 1 .35 
74122 .44 
741 23 .61 
74 125 .40 
74126 .40 
741 32 .70 
7414 1 .88 
74145 .70 
741471.63 
74148 1.30 
74150 1.1 6 
74151 .70 
74153 .65 
74154 1.03 
74155 .70 
74156 .70 
74157 .70 
74160 .88 
74161 .88 
74 162 .88 
741 63 .88 
741 64 .96 
741651.lS 
74166 1.26 
74170 2.64 
741731.42 
74174 .98 
7417S .93 
74 176 .79 
74177 .79 
74180 .70 

74181 2.15 
74182 .79 
74184 2.19 
74185 2.19 
74188 3.50 
74189 3.50 
74190 1.23 
74191 1.23 
74192 .88 
74193 .88 
74194 .88 
7419S .88 
74196 .88 
74197 .88 
74198 1.49 
74199 1.49 
74251 1.09 
74279 .SS 
74365 .67 
74366 .67 
74367 .67 
74368 .67 
8093 .40 
8094 .40 
9095 .67 
8096 .67 
8097 .67 
8098 .67 
7Sl50 1.16 
75450 .88 
75451 .61 
75452 .61 
75453 .61 
75454 .61 
75491 .81 
75492 .84 
75493 l .rfl 
75494 1.19 
82S25 2.19 
4000 .23 
4001 .23 
4002 .23 
4006 1.23 
4007 .23 
4008 .79 
4009 .44 
4010 .44 
4011 ·.23 

4012 .23 
4013 .40 
4014 .96 
401 5 .96 
4016 .40 
4017 1.05 
4018 1.05 
4019 .23 
4020 1.14 
4021 l.14 
4022 .96 
4023 .23 
4024 .84 
4025 .23 
4026 1. 68 
4027 .40 
4028 .89 
4029 1.14 
4030 .23 
4033 l.51 
4034 3.50 
4035 1.14 
4040 l.14 
4041 .79 
4042 .79 
4043 .70 
4044 .70 
4046 1.86 
4049 .40 
4050 .40 
4051 1.26 
4052 1.26 
4053 1. 26 
4060 1.58 
4066 .79 
4071 .23 
4072 .23 
4073 .23 
4075 .23 
QI .23 
4re2 .23 
4502 .79 
4510 1.14 
4511 1.05 
4514 2.80 
4515 2.80 
4516 1.23 
45181.14 

4520 1.14 
4527 1. 68 
4528 .88 
4585 1.23 
2102-1 l.99 
8080A 24.95 
CA3046 .75 
LM211 1N l.2S 
LM309K 1.80 
lM324A l.28 
l.M340T-5 1.25 
lM340T-6 1.25 
LM340T-8 1.25 
LM340T·l2 1.25 
LM340T-1 5 1.25 
LM340T-1 8 1.25 
lM340T-24 1.25 
LM3900N .88 
LM3909N .69 
MCl456 V l.00 
MCl458V .53 
MC3302P 1.15 
NE536T 3.24 
NE540l 2.04 
NE555V .48 
NE556A .88 
NE560B 3.83 
NE5616 3.83 
NE562B 3.83 
NE56 5A 1.25 Redor81acli:30go. Xynar
NE566V 1.28 
NE567 V 1.36 100· 52.00 500' SS.SO 1000' 515.00 
uA7()q(V .44 
uA710CA .44 SILICON DIODES 
uA711CA .53 
uA723CA .60 1N4001 .64/1 0 5.50/( 
uA733CA .75 1N4002 .66/10 5.60/C 
uA7410J .44 1N4003 .68/10 5.80/( 
uA747CA .70 l tl4004 .70/10 5.95/C 
uA7480J .49 1N4005 .82/10 7.05/( 
uA7805CU l.25 1N4006 .90/10 7.75/( 
uA7806CU I. 25 1N4007 .99/10 8.60/C 
uA7808CU 1.25 IN4148 .40/10 3.50/C 
UA7812CU l.25 
uA7815CU 1.25 
uA781BCU 1.25 Double Digit Discounts 
uA7824QJ 1.25 Save You Even Morel 

'12 WATT ZENER DIODES 
1N5'n.6B 3.Jv 15 Sl l/C lH5236B 7.Sv .15 511 /C 

SILICON TRANSISTORS 
MPS918, MPS930, MP52222A, MPS2369A, MPS2712, MPS2907A, MP5.l392, 1 N5227B 3.6v .15 511 /C l N52378 8.2v .15 Sl l /C 
MPS3393, MPS3394 , MPS339S, MPS3563, MPSJ.565. MPS3638, MPS3638A , l NSmB 3.9v .15 Sll /C IN5238B 8.7v .1 5 Sll /C 
NJ>53640, MPS3b41, MPS3643 . MPS3645, MPS3646. 2NJ904, 2N3906. 2N4124 , 1N5229B 4.3v .15 Sll /C IN5239B 9.lv .15 Sll /( 
2N4126, 2N4401 , 2N4403, 2N4410, PN4888, 2N5087 , 2N5089, PN5129, PN5133, 1N5230B 4.7v .15 Sll /C 1NS240B 10v . IS Sl l /C 
PN5134 , PN5137, PN5138, PNS139, 2N5210, PN5964 . . 16, Sl.55/10. Sl3.60/ 100 1N523185.lv.15S11 /C 1N5241811v .15 Sll /C 
of some port no. 1N5232B 5.6v .15 Sll /C 1N5242B 12v .IS Sll /C 
MPF102 .36 530.60/C 2N5457 .48 541.00/C MPSA13 .28 S24.00/C 2N3055 .99 1N52338 6.0v .15 Sll /C 1N5243B 13v .1 5 Sil /( 

1N5234B 6.2v .15 Sll /C 1N5244B 14v .15 Sil /( S85.00/C 1N5235V6.8v .ISSll /C 1N5245B 15v .15 Si l /( 

MARCH 1977 

..08 .65/ 10 
.08 .65/10 

..08 .65/ 10 

..08 .6S/ J0 
.08 .65/10 

..08 .68/ 10 

..08 .65/10 
.65/10
.7S/10 
.67 /10 
.70/10 

0.1" spacing between holes 
4W'K 6" Sl.71 
41/i''x l7" S4.25 

TERMINALS 
for above per! board 

Sl.50/C 

LED LAMPS 

.47/ lOV .. 11 .90/10 
1/'JOV . • 11 .90/10 
3.3/35V . . 12 .95/10
3.3/50V . . 12 l.00/10 
4.7/25V . . 11 .90/10
4.7/JSV . . 12 .95/10 
4.7/50V . 12 1.00/10
10/25V . .. 12 1.00/10 
\0/50V . .. 14 1.15/ 10 
?2/16V . .. 12 1.00/10 
22/25V . . . 13 1.05/10 
'n./ SOV ... 17 1.32/10 
33/ 16V ... 12 l.00/1 0 

.18 SIS/( 

AXIAL ELECTROL YTICS 

NSL5053 T-1 ¥ • 
N5tSOS6 T-1 ¥. .18 SIS/( WIRE-WRAPPING TOOL 

LED DISPLAYS $5.95 
Wraps, Unwraps & 

FN DSOO CC .500" .. SJ .JS Strips 30 ga. Wire 
FND 507 CA .500 .. Sl.35 
FNOBOO CC .800" .. S2.50 
FN0807 CA .800" .. 52.50 

FND357 CC .375.. .. Sl .35 

CARBON FILM RESISTORS 

Sc 1och in muhipl1t1 of S per value 


S1.70/100' $12.00/ 1000 of 1am1 volu1 


1 ohm thru 1.0 mogohm 

HARDWARE 

22/SOV .. . 12 1.00/10
100/6.3V .09 .75/10 
100/ IOV. . 10 .m10 
100/16V .11 .85/10 
100/2SV . . 13 1.10/1 0 
100/50V . . 21 l.71 /10 
220/ lOV 13 1.08/1 0 
220/16V .. .15 1.16/1 0 
220/25V . . 21 1.71/10
220/50V . . 29 2.35/10 
330/ lOV . . 15 1.16/10 
330/1 6V . . 21 l.66/10 

330J25V . . 23 l.86/10
470/l OR . . 21 l.71/10
470/16V . . 23 1.81/10
470/25V . . 29 2.35/10
1000/IOV . 24 1.96/10 
1000/16V . 29 2.35/10
1000/25V . 42 3.33/10
2200/ lOV . 42 3.33/10 
2200/16V . 54 4.30/10
2200/25V . 58 4.67/10 
33l0/16V . 89 7.14/10 

33J25V . .. 14 1.15/10 
33/50V . . . 19 l.52/10 
47/16V . .. 14 1.15/10 
47/25V .. . 17 l.30/10
47/SOV .. .21 1.17/10 
100/ IOV. . 14 1.13/10 
100/16V. . 17 l.30/10 
l00/ 25V . . 20 1.55/10
100/50V . . 29 2.30/10 
220/ lOV . . 18 1.42/1 0 
220/16V . . 20 1.55/10 
220/25V . . 29 2.35/10 
220/SOV . . 40 3.23/10 
330/l OV . . 14 1.16/1 0 

330/16V . . 29 2.35/1 0 
3l:l/25V . .32 2.54/10 
470/16V . .32 2.55/10
470J25V . .37 3.00/10
1000/l OV . 33 2.65/10
1000/16V . 39 3.15/10 
l000/25V . 56 4.50/10 
2200/ IOV . 50 3.96/10 
2200/16V 62 4.95/10 
2200/25V . 79 6.36/10
llXl/16V . 95 7.63/10
4700/16VJ .Qq 8.70!10 
lCOXl/lOV 1.15 9.19n o 

l.C. SOCKETS 
8 Pin Solder .17 1.60/10 
14 Pin Solder .20 1.90/10 
16 Pin Solder .22 2.10/ 10 
18 Pin Solder .29 2.75/10 
24 Pin Solder .38 3.60/10 
28 Pin Solder .45 4.25/10 
40 Pin Solder .63 6.00/10 
8 Pin W-W .24 2.30/1 0 
14 Pin W-W .26 2.50/1 0 
16 Pin W-W .:ll 2.85/1 0 
18 Pin w.w .60 S.70/1 0 
24 Pin w.w .96 9.10/10 
28 Pin W-W l.12 10.00/10 
40 Pin W·W .9'2 8.75/10 

DOUBLE-DIGIT DISCOUNT SCHEDULE 

Mw~U.. OiKMd M.rd.- DllcMl'I 
I D.00.S'.209 HfT S l00. 00.~99 . 99 I.Hi 15'\ 

S500.00.Sw:l.99 leu'ltl':I. 
S25.9'H99.99 ltulO':I. SICOOJXllUp lln2S% 

n,,.n A.W the St<:uNorcl Charge •ek>w 

STANDARD SHIPPING/HANOUNG CHAIGl 

H , ..,~.. ..,.. "'1•••- ltktw-
S O.CXH 4.99 .. ll:ld S'.2 .00 S50.Q'.H99.99 . aldS0.:25 
S S.llH 109 . . ald$0.75 SlOO.OO& vp .. Ho(tnr;e 
S2S.OO.S49.99 .. ll:ldSO.SO 

111ch•1 •i"'i..... ...,,._ T• LIU & ~ 

DIGl•KEY CORPORATION 
Box 677, Thief River Falls, MN 56701 218·681-6674 
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---

& HOWELL Television Electronics Cou rse . 

SCORE high on F.C.C. Exams . .. Over 300 questions and INTENSIVE 5 week course for Broadcast Eng ineers. FCC 
answers. Covers 3rd , 2nd, 1st and even Radar. Third and First Class license. Student rooms at the school. RadioINSTRUCTION Second Test, $14 .50; Fi rst Class Test , $15.00. Al l tests, Engineering Inc., 61 N. Pineapple Ave., Saraso ta, FL 33577 
$26.50. R. E.1. , Inc ., Box 806, Sarasota, Fla. 33577. and 2402 Tidewater Trai l, Fredericksburg , VA 22401. 

LEARN ELECTRONIC ORGAN SERVICING at home all 
makes including transistor. Experimenta l kit-trouble
shooting. Accredited NHSC, Free Booklet. NILES BRYANT 
SCHOOL, 3631 Stockton, Dept. A, Sacramento , Cal i f. 
95820. 

EARN ELECTRON ICS DEGREE by correspondence . Free 
info rmation bulletin . Grantham, 2000 Stoner Avenue, Los 
Angeles, Ca li fornia 90025. 

UNIVERSITY DEGREES BY MAIL! Bache lors. Masters. 

Ph .D's. Free revealing information . Counseling, Box 389 
PE03, Tustin, California 92680. 


SELF-STUDY CB RADIO REPAIR COURSE. THERE'S 
MONEY TO BE MADE REPAIRING CB RADIOS. This easy
to- learn cou rse can prepare you for a career in electronics 
enabling you to earn as much as $16.00 an hour in your 
spare time . For more information write: CB RADIO REPAI R 
COURSE, Dept. PE037, 531 N. Ann Arbor, Oklahoma City , 
Ok la. 73127. 

LEARN WHILE ASLEEP! HYPNOTIZE! Astonishing detai ls, 
strange catalog free! Autosuggestion , Box 24-ZD, Olympia , 
Washington 98507. 

PR ACTI CAL Electronic trai ning . FCC license. Free home 
study catalog . Genn Tech. , 5540 Hollywood Blvd., Los 
Angeles, CA 90028. Or, Ra-Tel Electronics , P.O. Box 167, 
" P" Toronto, Ont. , Canada . U.S. Inqu iries . 

LEARN BAS IC Digita l Troubleshooting by corres 
pondence. Course inc ludes text and demonstration mod
ules. Educational Technologies, Bo x 224, Reynoldsburg , 
Ohio 43068. 

BREAK INTO TV,RADIO Broadcasti ng, Di sc Record ing 
career. Expert revea ls secret avoiding disappo intment, 
wasted ti me/money. Free informat ion . Box 921 , Bever ly 
Hills, Ca lif. 90213. 

HIGHLY EFFECTI VE Degree Program in Electronics En

BELL 

Of fer . P.S.B., 49 Derby Ave. , Orange, CT 06477. 


* MICROPROCESSOR PRODUCTS 

8080At9080AS1•9S 
AM1S6BOO 119!. 
AM1901 :!'flil'!o 
GICP1600 699!. 
llO 6995 
6!Ml1 1995 
AM19011'C S 39!. 
AM~ 

AM1906l'C 
.,,_...19071'(; 
ANl190'Jl>C 
i\M19111'C 
ANl1911 

~~~~ 
AY!.10 1311 
AM21 12 
AMJ&tl 
AMJ:MI 

A1k "'* .,..,... 81r... (omou1,.. Oull •" 5.nt• 
o .... c .. .tor .... .......N.<hOOWl... £VIC99 
"'>< •DComc>uH• Th•·-""•8S ..utmo Tht 
............ <lo• l>trtOl"'...C• . •«UHIUy.....:1«>'1 
•tloc 1 ~ Pl>o•o•ool•• P.....:l«I 

£VIC99Bo...d 

i. 

Photo of I I 
expanded EV K 99 TV GAME K ITS 

$ 
159

,
95 

a 1, 111G1 Avmoo11vc...... c...p 

ONLY 
$29.95 

TV KI T NO.1 ON L Y1, EV K 99 u"""n ol "'' tol!°"'"'<I "'"' 
a..., Ill PCB 10\1, • \? ~1~:;:d~:3~:!!;.:-;!~;~;,~::, . $34.95

W 6800Bt>otCPU 
111 68SCl ...CIAIA•v r><h •onou• Commu"c•uonlnrftl.oc• '-l"'lt<I !llu• •n.Uuel•on • P.dd S~9~ !or }Mlft (t\' \l•I 

! 11 6fl'l'QPl ... !Pt11P""<1ll"t1<loctA<UC>tMI TV KIT NO. 2 
!2t 68JOROMS..1><outontP109'....,l•ll<.,ylllL\9JI 161( RO"' 

•r><lud<-IA• l8SOOI TV G•....0.4' ONLY!'I 611101 RAM 
Ill °""'• t•nvW-..,&1""'""'-' ~~::·r:-~1.';~;..,w:,•;;;., 549.95 

lo lmol..,.....1 lully t•:>- f'/lltmGl•I..,.,.. IC '• .,, ••<l•"'f<I CS.. "'0 101 lftl'oOU f'd !or vodfO <O'T>l>OO• I~ WO< h 

2. UNIVERSAL KLUGE BOA RO $98.00 """'' .. '"'1""''".. 'r>< l...in•"""'"''""' 
ond<U!l-h 


Como111t1v tom1,.t •l>lt 10 tht £VIC 'Y"'"' '"" tio.o•d "'-' '"' uwo 10 odd""~
.,.,,,..,.,,.Pl<t>htO...,.. lth•5'100Mlu, holdo!M l 6p.n1C·1 oro1Nrion 
1. • . 6. ll '" or9'Ul1< C....1t.. 2 !.ol)on. I :101)onll• lublt , I ~p... RSlJ} SPECIALS 

3. t1°6';t;YTE RAM BOARD $77.95 
75452 1012.50 
8T26B 21500 
74LS138 1.49 

~or81C o l6orq.an •UhOll Uw• 1I07'1 0<i!LOJ '•""" "''"1111to ..OW 

4. 6 SLOT MOTHE R BOARD $29.95 8097 .99 
74166 .so 
74 161 .49 

Con<>«:1or ' '""""'""'S" c.,.,ttt•"'4Ybot P"•we<! • "9'•""'or• • ~-"""'c•t•on• 

5. EXTENDER BOARD $46 .50 14 1HC 10/2.50 

F1><uM ..•lhtMckpl--· ·"""' ' """ 'on '•""'"I'"" 
 MH0026CN 3.95
,...."°"' ... -"'.-...1_.....,,,<Kl...,,,'9 <•ut"•1 10"""0.....,u,.,,,. ....,, 
 1488 1.29 

_,,,fonnt11011d"'""''I-. 
 1489 1.29 

• IC MARKET PLACE • 

* LINEAR 

p 0 BOX 17329icpn. OMPLJTER IRVINE,CALIFORNIA92713 
n ~s PHONE 1714) 988 3665 

LM1•1CN ,.. 
L"' llSICN '".. SG4SOl1 2 • 0..l"'\196N SG• !tOIN U O 
L"'211 1N SGJS<>• 19'5 
lM190 1N "'.... RC41!M T 6.9!. 
L"'l06SN .. :g~~~N 6:'""""" 1.10·" RCISSICN 99 
LM7S10 RC).&OlAD 130 
llol7S2'N us 
'""" ' " 
LMJS1$N ..,, =~::~"' ,·: 

RC4SS«: N '9 
RC41S1CN l !tOt:::= "' '·"* CMOS 

,,co•ooo C0101fi CO• OJS 
CO•OO l ,, co•on '" C0• 01a " 
CO• OO? ,, co•ou ..".. CCM081 ·" 

CO• D29 C0 40U"'""" co•oo1 '",, CDIOJO "'.. C{}(SIO 
·" " 

CO•OOI CO• Oll CO l !t ll ,.,'" '".. co•o:M ..."' CO• S16 ,,,"'""" .. CO• Sll 1.• S~g:~ : ~ """" "' U9CCMS10 
COolOIJ 

CtMOlJ 


'°'"" ..." "'...' " ' co•sn.." ... CD4Slt " ' C0•01' ,,,'"''" CO • !tJ7 "' C040 1S co•cw9 

C04016 


"' """" con11"'.. co•oso " COol!tll 
'" '·"' co•ou ,,," COol!.ll "' coco•o11 "' ""'" COI Y..5 

C04019 "' "' CD4S!>i 
"' ,,,'" CCM0:10 '" "'""' " CtM!.111 .,,'" '"'"' C04070 .." CCM!.12 

C0.02J C0..011 ,.,"'"" "' "' CCMOJ4 " C04011 ·" """' .,, "~ '" C[).l.01J ·" S101 1 119!.'"''" " 
PLESSEY SEMICONDUCTORS 

RADIO COMMUNICAT ' Sll!OC 195 $U14C V S 
SLlllC 1.95 SUJOC 19'5 
SLl12C Its SlMOC !IS 
SLllX z.•o 
SU20C US ~::~ :: 
SU11C US SLll60C S.75 
nu;ic us SUSIC • t!o 
SLUJC 1.95 SUIOC J. 7~ _ ...,.__.,,.. n_c.-... 1.95 

,..,,.,1_.._,_c.._ l9S 

DIVIDERS 
Sl'l500ll 615 Sl'l6108 11. SO Sf'..08 170 
Sf'l6CllB 4 25 51'111218 I .SO PS.... 111 ISO 
Sl'l&a18 11.00 SP111ne 6.50 Sl'IM111 12!.0 

51'111306 10.00 Sl'llOll 1000 
Sl'l6J1B 12.00 51'1646111 l !oO 
5"1&.na 10.00 Sl'...78 100 

Sl'Mlll 11!>0 Sl'MJ.18 JS.DO Sl'M608 JSOO 
9'16118 1100 

== :;-: 
Sl'MJS& nso Sl'MSlB llSO 

$11'1111!.8 10.00 Sl'l6JaB 22.SO Sl'M61B 1200 
5'Mlll U.00 srana 1.100 

GRANTHAM 'S FCC LICENSE STUDY GUI DE - 377 pages, 
1465 questions with answers/discussions- covering third, 
second , first radiotelephone examinat ions . $10.70 post 
paid . GSE, 2000 Stoner , Los Angeles, California 90025. 

FREE Educational Electronics Catalog . Home study 
courses. Write to : Edukits Workshop, Department 722 D. 
Hewlett , N.Y. 11557. 

10¥.. 
119!> 
10 7S 
:M9'5 
119'5 
675 

~ : 
S!>O 
1' .9~ 
1100 
99'5 

SPEC IAL 
BUY 100F THE FOLLOWING 
AND YOUR PRICE IS.. 

AMO 8080A..........$ 19.95 

AMO 9111 ...............4 .10 

AM09112..................2.30 


R F MODULATOR MODULE 
Toc"""""'""' ' odtoc_.tttoRFuy 
UM 10110.-'JllV!oif "'°""'11or $8.95 

e DC S-tcroat>t. e OC Cou!>ltd modul1t""' "'°"' ,.,,,,
VSWR•2"'aa POi'1_tr ...,1••chata<,...,,lc 
VCC•8 S vOln °"'9n<od lO<UM ... tti TvG........ 

Jf NEW PRODUCTS 

gineering . Advance rapid ly! Our 31st Year. Free literature . 
Cook 's Institute, Box 20345, Jackson, Miss. 39209. 

FCC EXAM INATIONS? Go First Class! Complete First 
Third Questions - Answers plus "topical study" guide . 
$8.00. " Guaranteed Exams'°. Box 551 6-AC, Walnut Creek, 
CA 94596. 

HIGHLY EFFECTI VE Degree Program in Electronics En
gineering . Advance rapid ly! Our 31st Year. Free literature . 
Cook ·s Institute , Box 20345, .Jackson . Miss. 39209. 

BECOME TELEVISION REPORTER without previous expe
rience! New book by acc laimed newsman reveals short 
cuts to rewarding career . $6.00 postpaid . Free brochure. 
Station Break. Box 550. Bentonvi lle. Ark ansas 72712. 

PERSONALS 

MAKE FR IENDS WORLDWIDE thro ugh in ternational 
correspondence . Illustrated brochure free. Hermes-Ver lag , 
Box 11 0660/Z, D-1000 Berl in 11 , Germany. 

WARTS. Vergo ® Cream is pai nless , safe, easy , gentle. Buy 
Vergo ® at better pharmacies. 

INVENTIONS WANTED 

INVENTORS: Manufacturers Need New Products. Free 
" Recommended Procedure," by a creative fee-based 
invention service company. Washington Inventors Service , 
422-T Washington Bui lding , Washington, D. C . 20005. 

If you have an idea for a new product, or a way 
to make an old product better, contact us, " the 
idea people" We'll develop your idea, introduce it to 
industry, negotiate for cash sale or royalty licensing. 

Write now without cos! or obligation for free 
information. Fees are charged on ly for cont racted 
services. So send for your FREE " Inventor's Kit." It 
has important Marketing Information, a special 
" Inve ntion Record Form " an d a Di re cto ry of 500 

• Corporati ons Seeking New Products. 

I Nom• 

RAYMOND LEE ORGANIZATION 
230 Park Avenue Nor th.NewYork, NY100 17 

At no cost or obligation, please rush my 
FREE " Inventor's Kit No. A-112 ". 

Please Print 

1::... _I 
\:---$=--~· ~ 

TAPE AND RECORDERS 

RENT 4-Track open reel tapes-free brochure. Stereo
Parti, P.O. Box 7, Fulton, CA 95401. 

RECORDS-TAPES! Di scou nts to 73%; all labe ls; no pur 
chase obligations ; news letter ; discount dividend cert ifi 
cates; 100% guarantees. Free details. Di scount Music 
Club, 650 Main St., Dept 5-0377 , New Rochelle, New York, 
N.Y. 10801. 

WANTED 

GO LD , Silver, Platinum, Mercury wanted. Highest prices 
paid by refinery. Ores assayed. Free c ircular. Mercury 
Terminal , Norwood, MA 02062. 

LMl!Y.> 
L"' U)gH 
LMJOOlot 
l MJO lH 

~=:~N 
l lilJ(Mll 
Liii~ 
LM JO'>AH 
LM~ 
LMJOJCN 
L"' lOJ!oi 
L"' lOIH 

JSO 
15-0 

IO 
• !t 

I;~ 
110 

IS 
ll!i 

9'5 
JS 
JS 

100 

LMJ2'0ll;S 2 
LMl2'0IC 11 
lMl200C IS 
LMJ201 !t 
LlllJ.10TS1 
lMl201 I 
lMl201 11 
LMl10l 11 
LM2l21C 5 
L "' l10~ 
l lol]Jtflj 
LM).&Ol( !t 
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17!. 
17!. 
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99!. 
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19!. 
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LM~H 
LMJOX N 
LM709H 
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14!. 
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1 9'5 
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40 

" 
]9 " 

l MlOICN 1 00 lM:MOlt u 1 ¥.. LM J1JN ~!t 


l lllJ09H t 10 LM:M()O(IS 19!. 

l f0091( l r.i Uol).&Ol(ll 1 9!. ~::~ ]~~ 

LMllOCN 1 l !t L"'lo&OIC21 I~ LMJ)JN 100 
LM]1Qtl 1 lS lMJSlCN 6!. LM7JXH I.IS 
Llllll1H 90 U"3700I 165 LMJJ9N 1.19 
LMlllCN •9 LM]Jl)tl 1 6S LM7•1 CH J!> 
LM]Ut-1 1 9'5 LlllJJJN ] ~ 


LlilJl l H I SO LMJ71N •OO ~::::g~ II ~ 

LMlllCN ISO lM~ l l'l l M JOH JS 

l"']l!Jil'I IJQ 
 .. 
LMJ2()1(S 14S '" " " * 7400 TTL ,_ ... ... 74 122N 74\l&N ' l.2. IO 

7401N ... , '"....'" ... 741131H ·..." 7UIOH I I.JO ,.... ... 74111H74 12!iH 11 30·" '".. ... 7412tH · 74111" 11.10""" " ,..... ... ... ·""°"' " 141l1H 741fJH 11.10 
7451N ·.. lfii,... "'"' ... HIUN " 7U"'N·"' 74SJH ... 7U•SN 74115H .I&,..,,. ,..... ...,,_,__ 

·" 7410 N I I .·SI" 1• 1MH ..·" 700N ... 7U 41H 11.2'11 7U17N ...·" 701N ... 1• 1SOH 1 1.15 1UMH IUS 
1• 1Cll'OI :~~ 7UJN ... ... 741 ... 
74 11N 70... ... ~ : :~= .. 7'1'51N ::::·~~ ,.,_
l41 1N ,._ ... 741$4H 1 1.IS _.. 1 1.10... l 471H 
741 6H 
lUJH "'"' 74156N .. ..... ·" -- ...·..." ;::::: : _,.l U IN ,.... ...""" 741IOH ...7417N ·" ,._ - ....·" ,.... ... 14111N ... .."""' 70 1N ·" 74 1.JW ... - ...,.,.. ·" ,.... SI·.a" 74 1UN ...,.,.. ·" ,.... ... 7•1MN ... """' 11 .10 

"""' 1 1.10·" 7411N ,.,..,,. ... 1'M51N ...""" ·..." ·" ,.,..,,.. 1 1.10 ,...,. ...,._ ...""" ... ;::: 1• 110H ..... ...... ·" U171N 111.JS ,...... ..""" ,.,._ """' 
70ZN ·" ,._ ·" 74113"' I UO 1'MllN 
10~ .. ·" 14116H,._ ·" IUS ·.70"' ... 7411N ...,.·" U175H ll.2S ''""' """ 1•100folt1.10 H11tfrll ''""' S

11.10 
llO,...... 

1MO'll .11 74 1°""' .u 1U nH 
l "llN t U l6 741 Clilllll JU_,,. ·" " " ,.... .. l 4 101Jlf ·" 7• 111 N U .1S 

144l!H •• 74 109f 
 " ·" 7U t2N 
, ....,. 11.liO H U1 N ·..." 7U ...N U .10·" 
100 PIECES MI X TAKE 10% DISCOUNT 

1000 PIECES MIX TAKE 15% DISCOUNT 


A~~ 


NEW FROM NEC Microcompu1ert FIRST TIM E OFFEREO 
0372 Floppy Disc Controller Chip . $75.00 
0371 Mag. Tape Cauette Conuolle1 Chip 65.00 

Applicat ion Notu 126 pages! . . 6.95 
Gt AYJ550 4% Digit OVM Chip . 29 .95 
GI AYJ600 Keyboard Encoder 9.95 
lntmil SOJSCC 4.95 
AY J507 9.95 
RO 325 IJ Char Gen 9.95 

AlTAIR / IMSA I COMPATIBLE 
BK MEMORY 

Ou r "t.. b•••nboitldcomu ,ompltlt .. • 1~ 

7 1 L07 1 -mo• ~'h•IHl500<> • 11'1d>OC • tn 

All .odrtn~onlfol 1"<1d111 out i..,.., t ully 

t>oo ltMf'd 

tll E SAME 8K 80.0.RO OFFERED TO fH( 
SCCSGROUPPUACHASE NOW O FFEAE O 
TO vou AT THE SA ME LOW LOWPR•c e • 

$198 .00 COMPLETE 
llyoudnfl91l07APC P1u1rld<IS99!t 

TMS 4060 RAM .............................. .$4 .95 
NEC 4096 RAM ........................... ....4.25 
1602B UART ...................................5.50 
1502F FIFO ........................... ......... 12.95 
34702 BAUD GEN ....... ....................14.95 
NEC 510 1C- E CMOS RAM ...............6.95 
ROJ2513 CHAR GEN Lower Cate .. 14.95 
WO 16718 ASTROS .........................29.95 
WO 1941 DUAL BAUD GEN ............9.95 
WO 1771 FLOPPY DISC CONT.......74 .95 

SP EC IAL 
100 22f'IN 4096 OYN RAM .............3.25 
100-22 PJN 4096 DYN RAM ..............3.25 
100·16 PIN 4096 OYN RAM .. ...........3.45 

6800 8080A 
STA RTER SET ST A RTE R SET 
0..1 , 688..ot •• WCI! """YouC..1 : : : :.~=1 ~tCPU ::: ~~~ ~~:,.~PV 

!ll11 68!oOACt.fl61 7•01114..., , 
111 B72• Co.,. , 
111 e1111s....... c .,., ,,.,,., • 

1141 11 DJ "" '~ , 

.fld<1 S ~9!t ' "' 
MCSlll!IOllOVl.•••M.. ~· • ' 

FCN GEN KIT 
63 Key Key board 
19 Key Keyboard 

$18.50 
19.95 
11 .95 

Also ... we stock entire cont inental 
spec ialties line new sockets and bus strips 
for microprocessor des ign 

Experimenter 600 (.6 sp acing) $10.95 
Experimenter 300 1.3 spacing) 9.95 

All shipments first ctau or UPS in U .S. or add 5~~ 
for shipping and handling. Min im um ord er $ 10 .00 
Cal ifornia Residents add 6% taic . Foreign aetd 8 %. 

* N0~ 1 .~ c1'11'coG 

0110<11'ou11 N 
w 
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SOLVE YOUlt TEST CONNECTION PROBLEMS WITH EZ-HOOH 

E-Z Hooks have been designed and field tested throughout the industry to save time and money in commercial electronic production and servicing. The 
spring-loaded hook attaches firmly, yet so gently it wi ll not damage component - frees hands while testing. Durably const ructed and fully insulated to a 
single contact point assuring true readings. Meets exacting laboratory and space age computer technology requirements. AVAi LAB LE IN 10 RETMA 
COLORS: Red, black, blue, green, orange, yellow, white, violet, brown or gray. 

~~~e~~?· L~~~~h :~'.~~ ,, s~o~Kc:;:ifv ~~'.;.,.--~~~~~lf-..:S=::.:.:_d~ color - .:_· 3.:._____1.9 5 -_-!-:=:=:=:=::=~--~~ ~'"'"'· pec y_::_:___:20:_:1~x_:L.:_1 ....,..-...,.....:2·· s _ _________

1------------------....;...j MINl ..H~OK-----..~- t--·-P•_ _1f_ c_ _or · __a_ r____e_____o__ _1a,,. ra,.,11,., ro fe,.,,... o~"'~_a~ o_"' 'Q _ar_ w1, __vr_ ps_ c v _ o1 ___·s va e ho1 tip for h okl_ _te,,. v ,.,-= s~ r~~tic ll-_ __- ___ -• ___ ng ad y v e e ap ;n_s._4 
~ - COMPLETE SET (10) MICRO HOO KS - S7.95 

,.~ X100WMi"iHookt2.25.. lo"''"mbm... MICRO-HOOK -TRY ORDER YOUR XM-S MICRO HOOK SET 

Jumper X-100W Mini Hook •• ~~=~.ecz~n~~~~ ; ~:·1i::'~" ;~:u~~1 ~i~= :S~ ONE AND YOU'LL TODAY! (Includes 1 ea. red, black, blue, green, 
to Stacking Banana Plug :~~1 c'o°~~~~~~~51ea~~~:ei: :~~ :~:;~ WANT THEM ALL! orange, yellow, white, brown, violet and gray 

Order No. Length Pr ice togetin101igh1places . . .S.7511. . . .. .. ..................... , . Micro Hook). At this low price you can affo rd 
2 01 w • 32 " 51 .35 SP«ify color. ORDER PIN x1oow more than one set. 

~ 

~ 

--=--(i----___) 

Jumper with X-100W Mini Hooks 
Order No. length Price 

204- 12W • 12" s 1.60 Specify color 
204- 2 4W • 24" 1.60 

Jumper with X- 100W Mini Hook ~~-

SOCKETS 
~ LOW PROFILE, SOLDER, TIN 

BPl n 0.16 0.15 0.14 18Pin 0 .28 0 .27 0 .26 
14Pln 0 .19 0. 18 0.17 20P.in 0 .34 0 .33 0 .32 
16 Pin 0.21 0.20 0.19 22 Pin 0 .36 0 .35 0 .34 

~24 Pin 0.37 0 .36 0 .35 

STANDARD, SOLDER . TIN~ 
1 - 24 25 - 49 50-100 

8 Pin 0.25 0 .23 0 .22 
14 Pin 0.27 0 .25 0 .24 
16 Pln 0 .30 0 .27 0 .25 
18 Pin 0 .35 0 ,32 0 .30 
22 Pin 0.70 0 .65 0 .60 
24 Pin 0.49 0 ,45 0 .42 
28 Pin 0 .99 0 ,90 0 .81 
36Pin 1.39 1 .26 1.15 
40 Pin 1 .59 1.45 1 .30 

SAM'S BOOKS 
TTL Cookbook/ No . 21035/ 336 pgs . $8 .95 
IC OP - AMP Cookbook / 20969/ 592 pgs $12 .95 

~~~o~:)~/~;·, ~1a4d~~t~~~hone Llcen'8 HandboSr 50 

;~3;s~j~°E[4s~:stltutlon Handbook, 16th Ed . 54 .95 
A • f1rence Data for Radio Engineers, 6th Ed . 
2121811344 pgs . $30.00 
Basic Electrlc ltv/ Electron lcs SeriH, Vo l. 1 : Basic 

1

Pr lnclpats and A ppllcat lons/20167/ 320 pgs . $5 .50 
TV Typew riter Cookbook/ 213131256 pg1. $9 .95 
Trani!nor Specifications Manual, 8th Ed. 
21335/224PO• 56.95 
First Ctan Aedlo Telephone Llcan1e Handbook , 
4thEd ./2 1144/ 416pgs. $7.50 
Semiconductor Replacement Guide/ 
210921256 pgs $3.95 

POWER AMPLIFIERS 

S l-1 010G (10W output) ... S 6 .90 

Sl-1020G (20W output) .. . $13.95 
Sl-1050G (50W output) ... $24.95 

• Mui t i - purpose llnear amplif ie rs for commercial end inoustriel 

~:!1i.c~1 ~~;sd: ~aes~o~~"fr~;~oh:~~~~i.~odris~;.t1:~:i~ t~~~ 1 c~~r~~~ 
l im l ting (for Sl - 1050G) and efficient heat radiating construction. 
• Single or split (dual) powe r supply, • Rugged, compact and tight 

;:~~\:''~c~aa~:~ Sl - 1000G amplifiers are se lf -conta ined power 

~~;i;'~Q~~~~if~~;~~:::::~,~ ~:~.€;;;~ ~::~~~ ~~~~.~~:~,~~:~~£~~~: 
flip -chip trans isto rs with high reliability and passivated chip power 
trans inors with excellent secondary breakdown strength . 

MATSUO 

DIPPED 


TANTALUM
~ CAPACITORS 

MF v s MF v $ 
.1 35 .33 6.8 16 .40 
.15 35 .33 6.8 35 .45 
.22 35 .33 10 .0 16 .42 

10.0 25 .45.33 35 .33 
.0082 630 .14 .33 100 .3010 .0 35 .9 0.47 35 .33 
.01 630 .14 .39 100 .3315 .0 20 .45.68 35 .33 
.012 630 .14 .47 100 .3615.0 35 1.321.0 35 .33 
.015 400 .15 .56 100 .4422.0 16 .451.5 35 ,40 
.0 18 400 .15 .68 100 .4733.0 20 1 .322.2 20 .33 
.022 400 .15 .82 100 .5447.0 20 1 .532.2 35 .40 
.027 400 .15 1.0 100 .6068.0 16 1 .623.3 35 .42 
.033 250 .154.7 35 .45 

PLESSEY ~ 
POLYESTER 
ICAPACITORI MIN I BOX 

MF V $ MF V $ 
.001 1000 .14 .039 250 .15 
.0012 1000 .14 .047 250 .15 
.0015 1000 .14 .056 250 .15 
.0018 1000 .14 .068 250 .15 
.0022 1000 .14 .082 250 .17 
.0027 1000 .14 .1 100 .17 
.0033 1000 .14 .12 100 .18 
.0039 630 .14 .15 100 .20 
.0047 630 . 14 .18 100 .21 
.0056 630 .14 .22 100 .23 
.0068 630 .14 .27 100 .26 

STANDARD, SOLDER, GOLD 
1 -24 

8 Pin 0 .30 
14 Pin 0 .35 
16 Pin 0 .38 
18 Pin 0 .52 
22 Pin 0 .70 
24 Pin 0 .70 
28 Pin 1.10 
36Pin 1.75 
40 Pin 1.75 

25 - 49 50 - 100 
0 .27 0 .24 
0 .32 0 .29 
0 .35 0 .32 
0 .47 0 .43 
0 .63 0 .57 
0 .63 0 .57 
1.00 0 .90 
1 .40 1.26 
1.59 1.45 

Buildlng & Installing Electron lc Intrusion Ala rms 
209291136 pgs $4.50 
~~:~~i;•;:i;:, IC Operatlonal Amplifiers $3.951-------------1 

~f~~,~~Osep~<; Log ic Elements , 2nd Ed . s CARBON FILM RESISlORS (5%)
4 50 

~ n~;~j;a;:~:sCM OS Integrated Circuits $ : 10~~~si;e~~~~[;':{~~~s}1 4 95rBJ 

7• 

1 Pea - $4.90 

SANKEN 
HYBRID 

AUDIO 

28 Pin 0 .44 0 .43 0 .42 
36 Pin 0 .59 0 .58 0 .57 
0 0

3::'
60 

:~~~~;;:No

1-24 25-49 5 0 -100 

10P in 0 .45 0 .41 0 .37 
14 Pin 0 .39 0 .38 0 .37 
16 Pin 0.43 0.42 0 .41 
18 P in 0 .75 0 .68 0 .62 
24 Pin 1.05 0 .95 a.as 
28 Pin 1.40 1.25 1.10 
36 Pin 1.59 1.45 1.30 
40 Pln 1. 75 1.55 1 .40 

Y.W ..• $ 1.69 par 100 
Y.tW ••• $1.79 par 100 

10 100 1.0K 10K 100K 1.0M 
11 110 1.1 K 11 K 1 lOK 1.1 M 

1" {26mm) GaAsP LED 12 120 1 .2K 12K 120K 1 .2M 
NUMERIC DISPLAY !3 130 1.3K 13K 130K 1.3M 

l~ ~~g 1.:K 1~ K ~~g~ ~ ·:~ 
EP1000 (CommonAnode) ~8 1a0 ~ :0 ~ ~8 ~ 180K 1:0M 

20 200 2.0K 20K 200K 2 .0M 
3 Pcs -$13.00 5 Pcs -$19.00 22 220 2 .2K 22K 220K 2 .2M 

24 240 2.4K 24K 240K 2.4M 
27 270 2 .7K 27K 270K 2 .7M 
30 300 3 .0K 30K 300K 3 .0M114 PAGE 33 330 3 .3K 33K 330K 3 .3M 
36 360 3 .6K 36K 360K 3 .6M 
39 390 3 .9K 39K 390K 3 .9 M 

MANUAL 43 430 4 .3K 43K 430K 4 .3M 

APPLICATIONS 

47 470 4.7K 47 K 470K 4 .7M 
5 1 510 5 .1K 5 1K 510K 5. 1M 
56 560 5.6K 56K 560K 5 .6 M 

Contains Circuit Data, System 62 620 6 .2K 62K 620K 6 .2M 

D esign md T echnical Data ~~ ~~g ~ :~~ ~~~ ~~g~ ~:~~ 
82 820 82 K 820Kfor SL 1600 se ries integ rated 8 .2 K 8 .2 M 

circuits. . ..$1.95 91 91 o 9. 1 K 91 K 9 10K 9 .1 M 
1l-------:R:-:E:-:S:-:l::S=T::O::R-::A:l:SS::-O::-:R=T-::M::E:-:N-::T:-S::------C:~;~:~::'..3~N~o.J..:::::.4;:;:~ 

Each euortment con t ains 5 pcs each of 10 d ifferent va lues . APS 12· 1,6 

Values included are shown in (Ohms) APS 15·1.5 
 30.96 

%W,5 % l50 pcs total} . · .S l .75 t ~W,5% l50 PCS total), · .Sl · 85 , :~~~:: ~. 8 
6. ~~ ~~;;;,~.;~;,;~;;;-;.;~?.lt :t, ~~::60,,'a:: ~~g~ ~~ ~~; ~~~'22<2~~:;:~~· ~~~~~ ~~J ~. . 4;;.;;.,i-;;1.;.~~.;.;,;...+---44 


Asst.4 : . 3 .3K , 3 .9K, 4.7K, 5.6K , 6.8K, 8 .2K, 10K , 12K, 15K, 18K APS 15·3 1!5 
 3 60.40 

Asst.5 : 22K. 27K , 33K, 39K , 47K, 56K , 68 K , 82K, 100K , 120K APS24-2.2 24 2.2 
2 

820K APS5· 1 0 5 
Asst .6: 150K, 180K , 220K. 270K , 330K . 390K ,470K,560K ,680K, APS28 -2 28 

10 
7Asst.7: 1M. 1.2M.1.5M,1.8M ,2 .2M,2 .7M,3.3M,3.9M,4.7M,5.6M4: APS12 ·7 12 
6 7 1.20 
5(~WAssortment No.7 doesn't inc l ude 5 .6M ) APS15-6 15 

Asst.BR :(All seven assortments above) A~24:~ ~= 4 
.75 41.50 . : W5% 350 o<> tornl S109:::5~~5~;~·~::1:11.55 ~:~~~}~ ~:: .60 

1.5 55. 10 

_, R-OHM RESISTOR KITS · :.:3= 5 -'-=...!...--._------------la.=:D~A.::;PS::_l:.:5::.l · ±::.l:. 1.3 

£&¥&5% CARBON FILM RESISTORS PLESSEY SAMPLER 
1/4 WATT K IT ~~0o~FEFTtAL~~~0s~~:e;.1~C'E~s $26.00 ~ 

42 Different Values 
(68!1 to 4 .7 Mfl ) 
20 Each Value 

1/2 WATT KIT 
42 Different Values 
160n 10 4 .7 MrlJ 
20 Each Valuo

S23.40 PEA KIT 
COMPLETE WITH CONV ENIENT PARTITIONED STORAGE BIN 

EXTRA LONG MINI HOOK 
X L - 1 Mini Hook (5.0" long) combines al l the proven fe ature s of the X 100W 
with an extra long body. It will make safe, 
ca rd racks and through deep wi ring nest up to 4' ', 

JUMPER , XL-1 MINI HOO K TO STACKING 

short - free test connections in 
ORD ER P in XL -1 ...........S1 .25 ea 

:nglt•h.....P.ric.e....lll~~~~-::;;)~--, 
~~: : s~ ~:g ....,.....,,."'_"_--..!!iiiiliii11..1111••~ 

BANANA PLUG Orde< No. Length Price -:=-r---: 
~ 

OK W I RE -WRAP T OOL & WIRE

Our e'1J~..~=~·-:·~~........... 

IS 
WSU -30 Wire ·wrap too l $5.95 
A ·30B·0050 50ft. roll, b luo wi re 30AWG. $1 .98 
A·30Y-0050 soft. roll , yel low wire 30AWG. $1.98 
R·30W·OOSO 50ft. roll, whlto wire 30AWG. S1.98 
A ·30A ·0050 50h. roll , red wi re 30AWG. Sl.98Quality 

~------------------------! 

Best! 


74COOM€W 
74COON .38 
74C02N .40 
74C04N .60 
74C08N .40 
74C10N .50 
74C14N 2 .20 
74C20N .50 
74C30N .50 
74C32N .50 
74C42N 2 .10 
74C48N 3.30 
74C73N 1.20 

4000AE .20 
4001AE .24 
4002AE .24 
4006AE 1.30 
4007AE .24 
4008A E 1.40 
4009AE .50 
4010AE .50 
4011AE .24 
4012AE .24 
4013AE .40 
4014AE 1.20 
4015AE 1.30 
4016AE .go 

.4017AE 1.05 
4018AE 1.24 
4019AE .54 
4020AE 1.45 
4021AE 1.30 
4022AE 1.05 

L·15 PULSE/SWEEP FUNCTION GENERATOR KIT 
FEATURES : 1 HZ to 100 KHz in 5 ranges. at con· 
stent amplitude ·Sine and triangle adjustable to 
20vP·P into 600 ohms • Sine distortion is .5% 
typical • Voltago control led sweep of sine and tri · 
angle waves •TTL square wave has a fu lly adjustab le 
pulse end drives 600 ohms ·F requencies of lower 

than 1 Hz and greater than 100 kH z are obtainable •short proof • 
Complete with power supp Iv and meta l case . 

SERIES CMOS 

CMOS 
4023AE .24 
4024AE .96 
4025AE .24 
4026AE 2 .50 
4027AE .55 
4028AE 1.00 
4029AE 1 .20 
4030AE .48 
4033AE 2 ,00 
4035AE 1.30 
4040AE 1.20 
4041AE 1.25 
4042AE 1.20 
4043AE .96 
4044AE 1.10 
4046AE 3 ,10 
4047AE 2 .60 
4048AE 1.43 
4049AE .58 
4050AE .58 

405 1AE 1.70 
4052AE 1 40 
4053AE 1.70 
4056AE 1.95 
4056AE 1.99 
4060AE 2 .10 
4063AE 2.50 
4066AE .90 
406BAE .44 
4069AE .44 
4070BE .60 
4071AE .45 
4072AE .34 
4073AE .40 
4075AE .40 
4076AE 1.24 
4077AE .40 
4078AE .40 
4081 BE .40 
4082AE .39 

X~ FU"CTIO" 
GENERATOR 

X R ·2206KA SP ECIAL S16.95 
Includes mono li thic function gen 
era tor IC, PC board, and assembly 
instruction manual. 

XR·2206KB SPECIAL S26.95 
Same as XR·2206KA and includes 
external components forPCboard . 

74C 195N 1 .80 
74C221N 2.10 
74C901N 1.00 
74C.902N 1.00 
74C903N 1.00 
74C904N 1.00 
74C906N 1.00 
74C907N 1.00 
74C914N 2 .70 
80C95 1.00 
80C97 1.00 

4093AE 1.65 
4095BE 1.95 
409BAE 2.5P 
4099AE 2.90 
4502AE 1.50 
4507BE .60 
4508BE 2.20 
451 DAE 1 .40 
4511BE 1.30 
45 12BE 1 .30 
45 14AE 5 ,00 
4515AE 5.00 
4516AE 1.75 
4518AE 1 .50 
4520AE 1.28 
4528AE 2.20 
4585AE 2.05 
4901AE .32 
4911AE .32 

74C74N 
74C76N 
74C83N 
74C85N 
74C86N 
74C89N 
74C90N 
74C93N 
74C95N 
74C107N 
74Cl51N 
74C154N 

.9 0 
1.00 
:i.75 
2 .75 
1.00 

14,00 
2.70 
2 .70 
1 .80 
1 .90 
3 .80 
5 .70 

74C157N 
74C160N 
74C161N 
74C162N 
74C163N 
74C164N 
74C165N 
74C173N 
74C174N 
74C175N 
74C 192N 
74Cl93N 

3 .40 
2 .10 
2.10 
2 .10 
2.10 
1.80 
1 .80 
1.80 
1.70 
1.70 
2 .10 
2 .10 

Minimum order $10 .00. Add 51 .00 to cove r postage and handling. California Residen ts add 6% sa les tax. 

Ma;I order - Send check or money order to: P.O. BOX 2208P,Culver City, CA 90230. COD, Master 
Charge and BankAmericard welcomed. (Stores do not accept mail or phone o rders.) Books wi ll be shiped 

by 4th class rate .@ AMCRONA 
• Phone Order - Call : (2 13) 641-4064 

No. 101 
2 50 page 
INFORMATION 
BOOKLET 
Only $4.95 

CALIFORNIA 
ANCRONA 

11080 Jefferson Blvd. 
Culver City, CA 90230 

(213) 390-3595 

CALIFORNIA 
ANCRONA 

1300 E. Edinger Ave. 
Santa Ana, CA 92705 

(7 14) 547-8424 

ARIZONA 
ANC RONA 

4518 E. Broadway 
Tucson, AZ 857 11 

(6021 881-2348 

OREGON 
AN CR ONA 

1125 N.E. 82nd Ave. 
Portland, OR 97220 

(503) 254-554 1 

GEORGIA 
AN CR ONA 

3330 Piedmont Rd., NE 
At lanta, GA 30305 

(404) 261-7100 

CANADA, B.C. 
AN CR ONA 

5656 Fraser St. 
Vancouver, 8C VSW 2Z4 

(423) 324-0707 

CIRCLE NO. 6 ON FREE INFORMATION CARD 
MARCH 1977 

555.00 
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SUPER VALUEI 

• I CS Socketed 
• Push button Switches on M ain PC Board 

• Open chassis for Easy Assembly 

2 IN 1 OMM-COUNTER 
FCM -8 

tn1co" . . 8 DIGIT 
WWMWWWWWI ~ 250 MHz KIT 
IRIQUl .."COU~ll•MUl l l!.llTl• 

:-JJj]jr i r rn 1iirii i' $ 219 95 

Size 10W x 3 -1/ 2H x 9D 

M eter: Auto pol ar ity and overrange indi
cator. 11 Meg. Ohm input impedance. 
Four over lapping ranges on AC -DC volts 
and cur rent to 1KV and 1 AMP and f ive 
ranges on ohms t o 1 Meg. Ohm . 500% 
ov errange capability , except current. 
Accuracy: ±1 %, ;!;1 count DC, ±1 .5%, ±1 
count AC and Ohms. Counter: Same as 
FCC-S. 

CAPACITANCE COUNTER 

llN CORP 

••••• f). 
COlCITANCl CDUH Ull 

i 	 · I 

Size 7W x 3H x SD 

±1% ±1 count (± 1 pfd. 
Fou r ranges from pico 
thousand microfarads. 
timebase reference for 
cycling. 

NOW, IT I S 
A DREAM TO 


MEASURE 

YOUR 


CAPACITORS. 


below 100 pfd.) 
farads t o severa l 
F eatures crystal 
stabi lity . Auto 

LIN CORP. 15311 S. Broadway,Gardena,California90248 (213) 532-8809 

---------------'C"IRcoC"'L,,_E_N'-"0"-'.-"-37:_;0e:N:_;FR=EE:.._;l"'NF'-'O"'R"'M"-AT"l0e:N:.._:C"'A'-"RD::______________ 

• Deluxe Metal Cabinet 
• Complete Step-by-step Instruction & Diagrams 

• .3 in. 7 -Seg. LED Readouts 

FREQUENCY COUNTER 
FC -6 

30 MHz KIT 
llN COR P t•••••• .<). 

FC-GH' ·~ I 250 MHz KIT 

Size 7W x 3H x SD $129.95 
Perfect for CBers, hams, hobbyists, 
technicians_ Hi Z input, SOMV sensitiv
ity _ Frequency 10 Hz to over 30 Mhz. 
(FC-6) and 100 Hz to over 250 Mhz. 
(FC-GH). Crystal timebase. 5 ppm . 

FCC-8 

8 DIGIT 


250 MHz KIT 
·······••• i> 
LtNCOAP ..,..,.,, , 

Size 10W x 3 -1/2 H x 9D 

Hi z input. Sensitivity so millivolts at 
250 Mhz. Readout Hz., Khz., or Mhz. 
Resoluti on 1 Hz. to 10 Mhz. and 10 Hz 
above Crystal time base - 5 ppm. 

Add $2.50 Shipping/Handling Each 
California Residents Add 6% Sales Tax....

BANKAMERICARD. 
M 3·w•1• 

OVERSEAS JOBS - NOW HIRING! High Pay! All Occupa
tions. Transportation . Computerized Reports - $2.00. 
TAANSWOALD . International Airport, 3623-N , Los 
Angeles, Calif. 90009. 

AUSTRALI A - NEW ZEALAND. WANT YOU!!! 50.000 
Jobs! Transportation! Latest information, $2 .00. AUSTCO, 
Box 8489-N. Long Beach , Calif . 90803. 

DO-IT-YOURSELF 

MODULAR TELEPHONES now available . Sets and com
ponents, compatib le with Western Elec tric concept. Cata
log 50 cents . Box 1147W, San Diego. California 92112. 

TREASURE FINDERS 

TREASURE may lie beneath your feet! Discover gold , 
silver, coins, rings, artifacts and more with world-famous , 
deeper-detecting White's metal detectors. From $59.95. 
Dealers world-wide. Free literatu re! White's Electronics , 
Dept. PD7-C. 1011 Pleasant Valley Ad ., Sweet Home , OR 
97386. 

SER 10 US COIN SHOOTERS - Semlech 's solid-slate 
METL-SENSOR pin-points ALL metal objects. yet defines 
the target before you dig. FOR FREE literatu re write : 
Semtech Corporation. 652 Mitchell Ad ., Newbury Park , 
Ca lifornia 91320. 

HOME ENTERTAINMENT FILMS 

MAKE '77 A LUCKY YEAR - SPEND A FEW $$$$ & 
ENJOY LIFE! Order Super Bowl X (Stee lers/Cowboys) 
Super 8 Co lor, $19.95 delivered (you save $0.75): B& W 
$7.95 del. (you save $1.95). Operation Tall Ships - Ameri
ca's Bi centenn ial Ce lebration, 200' reel of beautiful East
man color. $19.95 + S0.75 shipping . or Super 8 mag color 
sound at $29.95 + S0.75 shipping. Ali/Frazier I, Murder in 
Venezuela. Standard 8 Eastman Color, 200· reel. $18.95 
PPD - can be shown on standard or dual 8 projector (you 
save $1 .75) . Hitchcock's Psycho or Frenzy, thri llers for all 
times. home movie adaptation of feature films . $9.95 ea + 
S0.75 for Super 8 B& W or $19.95 ea PPD Super 8 mag 
sound B& W. Or make your own selection from new 54-pg 
Columbia glossy catalog. $1.00 refundable with order; 

_, 	Castle cata log $0.50 inc I. order form ; Sport lite forms $0.35. 
SPORTLITE. Elect -3, 20 N. Wacker. Chicago. IL 60606. 

Let us know 8 weeks in advance so that you 
won't mi ss a singl e issue of POPULAR 
ELECTRONICS. 

Attach o ld label where indicated an d print 
new address in space provided. Also inc lude 
your mailing label whenever you write con 
cerning your subscription. It helps us serve 
you promptly. 

Write to : P.O. Box 2772, Boulder, CO 80323, 

giving the following information: 


D Ch ange address only D Extend my subscri ption 

ENTER NEW SUBSCRIPTION 
DI year $9.98 D Payment enclosed 

All ow 30-60 days for (I extra BONUS i ssue) 
delivery. D Bill me late r 

NEW ADD RESS HERE 0204 

CitY--------------- 

State ---------  Zip----
Add11ional paslage per year For Canada aeld S3 Fo1 countries outside 
U.S. and Canada. add S5- cash 1n US currency only 

~~~~~~::+---------,f If you have no label handy, print OLD address here. I 
I I 
I Name please print J 
~ (

) Address "1 

r I 
I Cily I 
I Zip-  I 
L~~-------------~ 

EMPLOYMENT OPPORTUNITIES MAGNETS 

ELECTRONI CS/AVION ICS EMPLOYM ENT OPPORTUN 

ITIES. Report on jobs now open. Details FREE. Aviation MAGNETS. All lypes. Spec ials-20 disc . or 10 bar . or 2 stick 

Employment Information Service , Bo x 240E, Northport , or 8 asso rted magnets . $1 .00. Magnets. Box 192-H Ran

New York 11768. dallstown. Maryland 21133. 


CLASSIFIED ADVERTISING ORDER FORM 

Please refer to heading on fi rst page of this section for complete data concerning terms, frequency discounts. closing dates, etc. 

10 

11 12 13 14 15 

16 17 18 19 20 

21 22 23 24 25 

26 27 28 29 30 

31 32 33 34 35 
WORD COl.lfT: 15 WORD MINIMUM. Include name and add ress. Name of city ( Des Moines) or ol state (New Yo1k) counts as one word each. Zip 
Code numbers not counted. (Publisher reserves right lo omit Zip Code if space does not permit.) Count each abbreviation, initial. single figure or 
group of figures or letters as a word. Symbols such as 35mm. COO. PO. AC. etc.. count as one word. Hyphenated words count as two words. Tele· 
phone numbers count as one word. 
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BUSINESS OPPORTUNITIES 

I MADE $40.000.00 Year by Mailorder! Helped others make 
money! Free Proof. Torrey, Box 318-NN , Ypsilanti, 
Michigan 48197. 

FREE CATALOGS. Repair air conditioning , refrigeration . 
Tools, supplies. full instructions. Doolin, 2016 Canton , 
Dallas, Texas 75201 . 

MAILORDER MILLIONAIRE helps beginners make $500 
weekly . Free report reveals secret plan! Executive (1K3), 
333 North Michig an, Chicago 60601. 

GET RICH with Secret Law that smashes debts and brings 
you $500 to SS Mi ll ion cash . Free report ! Credit 4K3, 333 
North Michigan . Ch icago 60601 

PRH0~~~1LE ONE-MAN 
ELECTRONIC FACTORY 
lnve;:1tment unnecessary, knowledge not required, 
sales handled by professionals . Postcard brings 
facts about this unusual opportunity. Write today! 
Barta. DP, Box 248, Walnut Creek , CA 94597. 

FREE SECRET BOOK .. 2042 UNIQUE, Proven Enterprises .. 
Fabulous .. Little Knowns .. . Work home! Haylings-B, Carls
bad . Calif . 92008. 

$193.00 WEEKLY. GUARANTEED! Your home. One hcur 
daily . Free detai ls - Professional. Bo x 24543-X. Saint 
Louis, Missouri 63141 . 

HOW TO MAKE $2.000 WEEKLY at home using other peo
ple 's money. Guaranteed. Free Details . Rich lieu. Box 
25357, Dept. F3, Houston 77005. 

~~~~~~~~~-

GUARANTEED Sl .000 monthly . Work one hour dai ly. 
.. FREE DETAILS ,.. Unicorn. ZD 1.7350 Nuget. Colorado 
Spring s. CO 80911 . 

SOLICIT TECHNOLOGY. Mexican engineer wishes to have 
relations with fabricators o f semiconductors or digital elec
tronics products , to establish a new small industry. Write 
to : Jose Luis Garza. Apartado Postal No . 299 Col. del Va lle. 
Nuevo Leon . Mexico . 

NEW LUXURY Car Without Cost. Free Detai ls ! Codex-ZZ. 
Box 6073. Toledo . Ohio 43614. 

BROADCAST STATION - FM or CABLE: Start your own! 
Excellent income . plus free tapes and records. Free 
details...Broadcasting ... Box 5516-AC. Walnut Cree k. CA 
94596. 

STUFF ENVELOPES $250 +{Thousand. supplies . Enclose 
stamped , addressed envelope. Enterprises. Route One . 
Box 263-E3. Pau ls Valley. OK 73075. 

MUSICAL INSTRUMENTS 

UP TO 60% DISCOUNT. Name brand instruments catalog . 

Freeport Music .1 14 G. Mahan St.. W. Babylon. N.Y. 11 704. 


REAL ESTATE 

BIG ... FREE . .. CATALOG 1 Over 2.600 top values coast lo 
coast! UNITED FARM AG ENCY, 612-EP. West 471h. Kansas 
City. MO 64112 . 

BOOKS AND MAGAZINES 

FREE book prophet El ijah coming before Christ. Wonderful 
bible evidence . Megiddo Mission . Dept. 64. 481 Thurston 
Rd .. Rochester. N.Y. 14619. 

POPULAR E LEC l\l!llllar Electronics 
TRONICS INDE X for 

1975 now avai lable. 
Prepared in coopera 
tion with the Editors ANNUAL 
of "P / E," t hi s index INDEX 
contains hundreds of 

references to product . 1975 
tests, construction 

projects, circuit tips 

and theory and is an 
essential companion to your m agaz ine coilec

tion . 1975 Edi t ion, $ 1.50 per copy. 1972, 73, 
and 74 editions also still available at $ 1.50 
each, or $5.50 for the set of four (1972, thru 

1975). Add $ . 25 per order for postage and 

handl i ng. 
INDEX, Box 2228, Falls Church, Va., 22042 

over 3000 prod· 
ucts-still cameras , lenses , electronic 
flash, close· up equipment, slide pro· 
jectors, darkroom equipment, movie 
cam eras and projectors , film , and 
more-with complete fac ts and fea
tures. specs , prices, and exclusive 
" Buypoints". PLUS-A SPECIAL 16· 

...._..____. PAGE SUPPLEMENT: Complete optical 
tests on 32 normal lenses-four each from eight 
major camera manufacturers-from the Popular Pho · 
to graphy Test Lab . 
Order your copy from the Ziff.Davi s Consumer Service 
Division, 595 Broadway, New York , N.Y. 10012. 
Encl ose $2.25 ($1.95 plus 30c posta ge and han · 
dlin g). Outside U.S.A. $3.00, postpaid . 
Re sidents of Calif. , Colo ., Fla . , Ill., Mich. , Mo. , 
N.Y. State, D.C. and Tex. add applicabl e sa les tax 
(po sta ge and handling charges are non -ta xable). 

1977 
ELECTRONIC 

EXPERIMENTER'S HANDBOOK 

Helps you get it together 
with a score of 

build-it-yourself projects. 

This latest edition includes a host of excitin g con · 
struct ion proj ects for audio buffs-Audio-Controlled 
Detailed Power Shut Off; 9-Channel Stereo Equalizer 
.. . For fun and games-FLIP, a CMOS Logic Game; 
Sou nd Effects with the 555 IC Timer . . for ex 
perimenter's-ESP Testing Machine; How to Make 
Double·Sid ed PC Boards; IC Di gital Logic Memory 
Probe . . for computer/calculator enthusiasts-An 
Under-$30 Scientif ic Calculator; Microcomputer 
Primer; Bits -to-Dots Computer Video. There's a host 
of other projects inc lud ing Th e Executive Digital 
Temper Countdowner •Versati le Nickel ·Cadmium Bat· 
tery Charger • Shirt-Pocket Metronome • Hall Effect 
Magnetom eter • Low-Cost Metal Locater • 3· Way 
Photo Fla sh Tripper • The 99 ·cent Wonder IC • 
High·Val ue Electrolytic Capacitor Meter • Guitar 
Sound Intensifier • IC Photo Ta cho meter • R·F Tran · 
sistor Tester • And more! PLUS: Microcomputer prod 
uct buying guide and a basic di gital logic course . 
All with complete construction plans, parts li sts and 
printed-circuit board pattern s. Many projects are 
un ique designs not available elsewhere. Only $1.85! 

Ziff·Davi s Publishing Co . PE-377 
Co nsumer Service Division 
595 Broadway, New York , N.Y. 10012 

Plea se send the 1977 ELECTRONIC EXPERIMENTER'S 

HANDBOOK . I 'm enclosing $1.85 ($1.50 plus 35c 

for postage and handling) . Outside U.S.A. $3.00, 

postpaid . 

Residents of Calif. , Col. , Fla. , Ill ., Mich. , Mo., 

N.Y. State, D.C. and Tex. add applicable sales tax 
(postage and handling charges non· taxable). 

print name 

address 

city 	 state zip 

THE AUDIO AMATEUR-A quarterl y publication for the 
serious audio constructor. Free prospectus . The Audio 
Amateur, Bo x 176Z, Peterborough. N.H. 03458. 

BACK ISSUE MAGAZINES. 1890 to 1976. Free list. Send 
stamped envelope to Everybody"s Bookshelf , Dept. PE, 317 
West 6th. Los Angeles . CA 90014. 

RADIO ASTRONOMY-The Rad io Observer magazine . 
Sample Sl.00 . The Peterson Press. 657PM Circle , Drive . 
Santa Barbara. CA 93108. 

RUBBER STAMPS 

RUBBER STAMPS, BUSINESS CARDS. Many new prod 
ucts . Catalog. Jackson ·s. Dept. K, Brownsville Rd ., Mt. 
Vernon . Ill. 62864. 

MISCELLANEOUS 

WINEMAKERS: Free illustrated catalog yeasts, equipment. 
Semplex , Box 12276P. Minneapolis, Minn . 55412. 
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LIVE IN THE WORLD 
OF TOMORROW ... TODAY! 

And our FREE 164 PAGE CATALOG is packed with 
exciting and unusual values in electronic, hobby 
and science items - plus 4,500 finds for fun, study 
or profit ..• for every member of the family. 

,_,.. A BETTER LIFE
T STARTS HERE 

• KNOW YOUR ALPHAI ~~~a~ ~a~:;~~centration, monitor 
your Alpha/Theta brainwaves w/ audible or visible 
signal on Biosone 11. Has 3 feedback modes, out
puts to monitor logic signal, filter sel. feedback ,I 

I 
broad sensitivity control; other professional feats. of $200-up units. EaSl ly oper
ated 4-lb. portable has total brainwave monitoring capability! 2 9v tr. batteries. 

No. 1668 AVA (91/2x 5o/a x 41/4") . .. .... . . . ........ .$149.95 Ppd. 
LOW COST STARTERS' UNIT (PORTABLE) 
No. 71,809 AVA (41/2x 23/4 x 41/•" l ..... .. .... . .. . .. . .$59.95 Ppd. 


I • • • • • • • • • • • • • • • • • • • • • • 


I 
SUPER POWER FOR 

ANY AM RADIO 

New antenna assist turns a tiny transistor into a 

I 
tiger, has pu ll ed in stations up to 1000 mi les 

I 
I ••••••••• •••••••••••• • 
I 3000 Ml. POWER 

FOR AM RADIOS 

I REMARKABLY CLEARER RECEPTION! 

Get ball games from distant cities, your old home 

I 
town, up to 3000 miles away (subject to local conditions). Delu xe Ultrasensitive 
AM Antenna pre-amplifies signal before it ~oes into your h_i-fi AM receiver or tuner 
inputs. Null s interference. Great for marginal AM recept ion areas! Sh ielded fer
rite rod 6:Y4 lb. directional indoor antenna has 2-stage FET amplifier with fre 
quency & sensitivity controls for precise selection, optimum reception. Easily 
attached; llOVAC, 60 cycles. 


No. 72,263AVA (3~ x 91 /16 x ll") , .......... . .. . . .$177.50 Ppd.
I • • • • • • • • • • • • • • • • • • • • •• 

I SAVE 50%! 


8 X 20 MONOCULAR 


I 
Fantastic bargain' Top quality Spy Scope, a $30 

value, now offered at $14.95! Our spec ial pur

chase saves you 50% and you get 100% coa ted 

optics; 393 ft. field of view. Only 2 oz.- stores in 


I 
pocket, purse, glove compartment. Fits in you r palm-peer into hard-to-see 
places without letting subject know you're spying. Great for birders and race 
fans; incls. neck strap, leatherette 3V2x 1'12 x 2" case. Beautiful brushed metal 
finish . Buy twe-one for a gift! 

Stock No. 1568AVA . .............. . .............. .$14.95 Ppd. 


liil'DM~: 1~~§,'"' : 
I 4500.~:~GSA~~~ ~ 
I 	Completely new 1977 edition, New items, ca le<)ories, illustrations. Dozens 

of electr ical ond electromo1Jetic ports, accessories . Enormous selecl ion of 

I ~~~~~~m~f~~c~i~~:~o~~~nifi~ir~~eJ~ggh~~~. l~~s:;~l~~~~L it~~~d.~:~~:I surplus bargaiM. Ingenious scientific tool!. . lOOO's of componenh. 

·-· 
·A

'/ 

'. . • • • : • o PJ 
, ,., . . '. ·, 

COMPLETE & MAIL WITH CHECK OR M.O.~~ EDMUND SCIENTIFIC CO. 300 Edscorp Building, Barrington, N.J. 08007IUlt 
I 
III 
I 

NEW! THE UNIQUE 

a tripod; rotate the 

EDMUND 
41/4", f/4 NEWTONIAN 
WIDE FIELD 
REFLECTOR 
TELESCOPE 
Clear. bright, spectacular wide angle views of 
stars, moon, comets-<ind portable! See heavenly 
wonders! Sets up in seconds (pre-collimated, 
ready to use). Pop in the eyepiece, focus, and its 
3V2• field of view gives you more stars in a single 
view than any other type 'scope! Bright , crisp, 
finely resolved images. For sky gazing and earth 
gazing! Take it anywhere (only 17", 10 lb .), easily 
use it over your shoulder. (has adjustable carry
ing strap). in your lap, on 
spherical base on its own mount for use on a ta
ble, car hood. Top quality optical system features 

Pal. Pending41'4", fl4J'arabolic primary mirror (Vs wave, 17" 
F .L.); st . 28mm Kellne r eyepiece (15X) . No 

other tel escope like it. Bright Scharfanian red! No. 2001AVA .. $149.95 Ppd. 


SEE MUSIC IN 
PULSATING COLOR 
New 3-Channel Color Organ adds to music listen
ing pleasure, lets you modu late 3 independent 
strings of colored lamps with intensi ty of your 
music to create an audio " light show." They f lash, 
vary in brightness related to music's rhythm , 

pitch, volume-pulsating lighting performance to musci! Fully assembled & 
priced half that of others, the Edmund Sound To Light Control is a terrific value. 
Plug in, turn on! 
No. 42 ,309AVA (ASSEMBLED) .... . ...... . ... . .....$18.50 Ppd. 

No. 42,336AVA (UNASSEMBLED) .. . ...... .• . . . . . .$15.95 Ppd. 


LOW COST PORTABLE 
INFRA-RED EYE 
For infra-red cri me detection survei ll ance, se
cu rity system alignment, l.R. detection, laser 
checking, nite wildlife study, any work req . l.R. 

_,; detection & conversion to visib le spectrum. 
Self-cont. scope incls . l. R. light source (90' nite vision !). 6032 l. R. converter 
tube, f/3.5 obj. lens, adjust. triplet eyepiece, auto lighter adapter. 1.6X focuses 
10' to inf.; 6, 12v DC. Not avail. to CA res. exc . authd. pers./sci., educ. 

No. 1683AVA (ll x l41/• x 3" ) . . . .. . . .... ....... . . ..$299.95 Ppd. 

BINOCULAR STYLE: AS ABOVE, BUT 2.5X 
No. 1685AVA (SUPER BRIGHT 1.R. EYE) ... . .... .$329.95 Ppd. 

QUALITY DETECTOR 
UNDER $40 
New Edmund-developed, ful ly transistorized BFD 
unit capable of locating quarter at 18"-powerful 
6-trans. oscillator-amplifier circuit. Easily com
pares to others priced 50% higher! Aluminum 
pole and housing-not plastic! 6" waterproof 
search coil (Faraday shielded to elim. outside in
terference); long 50-hr. battery (9V) life; power

ful 2" speaker; I-knob on-off tune control. Perfect balance; lightweight (2 lbs.). 
Great buy! 

Stock No. 80,222AVA . . .. . ... . . . . . . ... . ...........$39.95 Ppd. 

SUPER-SENSITIVE TRANSMITTER/RECEIVER UNIT 
No. 80,251AVA (OUR TR EARTH CHALLENGER) .. .$69.95 Ppd. 

EDMUNO SCIENTIFIC CO.
I JOO ldsm p luiid ;n1 . ,.,.; ,1100 , N. J. 0100 7 	 I I I I I I I I I I I_lJ

Please r us h Free G ia nt Catalog " AVA" 
II . _ _ _ _ _ _ _ _ _ Signature_____ ______ ____ 

II 
I Card Expiration Date____ 

I ••m•, I 30-DAY MONEY-BACK GUARANTEE. Name I 
I •••"" . I Yo u must be _satisfied or retu rn Address I 

.c, st11• 1 ,0_ ___ any pu rchase in 30 days fo r full .
11L, 	 I refund. Ci t y · Stat e Z i p _J 
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1\No sources 

of perfection in 

stereo sound. 


,., 
. I .......,..._. 

.Match one to your equipment 

"The right Pickering Cartridge for your equip Pickering' s new XSV/ 3000 is a remarkable de

ment is the best Cartridge money c;:an buy." ve lopment. It possesses our trademarked Stereo
We've been saying that for years; and tens of thou SIEREO hedron Stylus Tip, designed to assure the least 

sa nds of consumers have profited by applying this record wear and the longest stylus life achievableLAB TESTS 
principle in assembling their playback systems. in these times with a stereo cartridge. Its frequency 

If you have a fine manual turntable, the XSV / 3000 response is extraordinarily smooth and flat; its 
is a perfect choice. channel separation is exceptional; its transient re

... ...._.,.,_.__ _If you have a high quality automatic turntable, ..... I>,..... ...,,...,~ sponse affords superb definition. It represents a 
then installing an XV-15/ 625E in its tone arm is a whole n ew concept of excellence in stereo 
perfect choice. cartridges. 

The summary advice of Stereo's Lab Test, in an Read the whole evaluation report. Send for your 
unusual dual product review, we think brilliantly free copy of the Stereo " Lab Test" reprint; write to 
states our position: " The XV-15/ 625E offers per Pickering & Co., Inc., \A 
formance per dollar; the XSV/ 3000, the higher ab	 101 Sunnyside Blvd., " PICKERINGFREE!
solute performance level." That makes both of these 	 Plainview, N. Y. 11803. '--· ---------~· 

Department PE ··rorthosswhocan~ thsdiffsrencs ..cartridges best buys! 
PICKERING & CO ., INC. , COPYRIGHT 1977 
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